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VENTILATION OF CENTRAL STATION BUILDINGS AND EQUIPMENT 

Ventilation and its concomitants have reached such an importance in the operation of central station 
buildings and equipment, including cable ducts, that for the reports of 1923 it was deemed advisable that 
there should be a simultaneous treatment of the subject by the Prime Movers and the Electric Apparatus 
subcommittees, 

A great number of subjects for investigation was suggested. These, being of such an overlapping and va- 
ried nature, indicate that further segregation should be made for subsequent treatment; a large amount of 
the data presented deals with proposed activities or with installations now in the experimental stage. 

Considerable data and discussion of a general nature dealing with the employment or conditioning 
of masses of air have been included for the sake of ready reference in connection with the presentation 
of present practice. 






MOVEMENT OF AIR 

The ventilation of electrical apparatus is to be 
distinguished from general ventilation which con- 
templates the removal of not only heated air but 
moisture and fume or dust laden air. In reality 
ventilation of electrical apparatus with but few ex- 
ceptions is a cooling application and as such can 
be divided into two classes, direct and indirect. 

In the former come such applications as the cool- 
ing of enclosed machines, such as generators, 
motors and transformers. The direct cooling is 
m pi i shed by forcing air through the machine 
so that by contact with the radiating walls of the 
machine heat is conducted to the air. 

In the second class come such applications as 
cooling substations or rotary rooms. This is an 
application that is usually termed "ventilation." It 
is indirect cooling because the machine radiates its 
heat to the surrounding air and the surrounding air 
moved and replaced by outside air. 
Inasmuch as diffusion prevents the absolute re- 
moval of every cubic foot of air and its replacement 
by outside air, ventilation becomes a dilution process 
and because of this the results obtained will be de- 
pendent upon the degree of dilution. If the supply 
of air is unlimited, such as would be the case if 
the machine were out of doors and a breeze blowing 
s it, the temperature around the machine would 
be the temperature of the air, but as machines have 
to be housed in a building such an air supply is im- 
practical and the temperature of the room can be 
i uu\ ti» be something above the temperature of 
implied. This can be likened to an attempt to 
clarify muddy water by adding clean water to it. 
It takes a large volume of the clean water to clarify 
til volume of muddy water. 
In many respects, we are both fortunate and un- 
fortunate in the medium of air for cooling and 
Mutilating. We are fortunate in that the supply is 
unlimited and costs only for the handling; we can 
handle large volumes for a small expenditure of 
1 vantage can be taken of natural convec- 
tion currents to secure the movement of consider- 
able volumes of air. We are not so fortunate in its 
pecific heat which at constant pressure is usu- 
ally given as 0.2375. This, coupled with the specific 
' t of 0.075 pounds at 65 deg. fahr, requires 
the use of a large volume of air to absorb a small 



1 



quantity of heat. 



fact 



or 56 i 



ft. 



0.2375x0.075 
heated through one degree fahr. are necessary to 
absorb one B.t.u. Air supports combustion which 
makes it undesirable from an electrical standpoint. 
Still air is an excellent non-conductor of heat, and 
to be effective for cooling the air must he kept in 
motion. Most unfortunate for its use with electri- 
cal apparatus is the solid matter that it carries in 
suspension. In spite of its many drawbacks there 
appears at present no simpler or more economical 
means of cooling much electrical apparatus than by 
the use of air. 

Because it requires fifty-six cubic feet heated 
through one degree fahr. to absorb one B.t.U., the 
volume of air necessary to cool a large generator 
becomes enormous and may amount in thirty or 
forty minutes to a weight equal to that of the gen- 
erator itself and more than the weight of steam 
supplied to the turbine to drive the generator. To 
move such a weight at velocities from 1000 feet per 
minute to more than a mile a minute requires the 
expenditure of considerable power. Consequently, 
some knowledge of air flow should be valuable to 
the designer and operator of air cooled electrical 
apparatus. 

The flow of air is in accordance with the funda- 
mental law of falling bodies; v = \/2gh. As this 
velocity is in feet per second, and the head in feet 
of the medium flowing, it is necessary to change 
this into a form that will give the relation in feet 
per minute and the head in inches of water the 
usual basis of considering air flow. 

Let k equal density of water — 62.4 lb. per cu. ft. at 70 
deir. fahr. 

Let cl equal density of air flowing. 

Lctbv equal velocity head measured in inches of water. 
This head is equal to total or impact head minus static or 
compression head. 

h T k v-' LMr 

Then 12 dh = h, k or h 



J 



I2d 



or h, 

2g 



2trk 



2 gh v k 



12. 



hv 



I8.2; 



At 65 deg. and standard con- 



ditions of barometer, d equal 0.075. Then v = 
66.75 \/h. This gives us v in feet per second, so. 
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to get the velocity in feet per minute we have 
v= 60 x 66.75 v 'h or 4005 \/h. This is usually 
used as 4000 \ h which means that a velocity of 
4000 feet per minute will put up one inch water 
pressure. 

One inch of water pressure equals 5.2 pounds 
per sq. ft. As most fans are designed for working 
against pressures ranging from y% in. to 5 in. water 
pressure it is evident that they are to be termed 
very low pressure machines. 

The horse-power to move air is the weight times 
the velocity divided by thirty-three thousand. If 
the pressure is in inches of water 5.2h equals the 
pressure per sq. ft. and the volume equals the 
velocity in ft. per minute times the area of the pipe 

Vol. (cu. ft. per min.) X 

in sq. ft. Then H.P. = 

5.2h (Pres. in in. water ) 



"D," — = D or d=12D. Putting this in the 
12 

Lv s Lv 2 



-. H.P. =0.0001575 volume 



33,000 

times pressure. For one inch of water (the total 
pressure or impact) this equals 0.15 horsepower per 
1000 cu. ft. This power is air horse-power and for 
average practice a fan efficiency of 50 per cent may 
be considered a good average. The brake horse- 
power is equal to approximately .3. It is evident 
then that a generator requiring 50,000 cu. ft. per 
minute which may be under a total pressure of 
seven inches of water requires the considerable ex- 
penditure of 105 H.P. 

The velocity at which air moves is a measure of 
the power required, for the velocity can only be 
secured through the conversion from a pressure nec- 
essary to produce that velocity. Consequently, if 
there is a restricted area in a duct system, the power 
required to put the air through the restricted open- 
ing may exceed that to overcome the friction effect 
of the rest of the duct system. 

Most tables on the friction of air are based on 

L 

Weisbach's experiments and the formula P = f — 

d 
v 
— where M P" is the pressure loss in pounds per 

square inch, where "f" is the coefficient of friction, 
"L" the length of the pipe in feet, "d" the diameter 
in inches and "v" the velocity in feet per second. 
Converting this into the loss in pressure per sq. 

Lv 2 

in. in ounces, the formula becomes p= . 

25000d 
From this fundamental formula many tables and 
charts have been devised for the friction in 100 
feet of pipe from round to rectangular. In this 

formula the expression is on the basis of 

25000d 

"L" in feet and "d" in inches. It is customary to 
consider friction loss in terms of velocity pressure. 
and the length in terms, of diameter; consequently, 
if we put the "d" in the expression in terms of feet 



equation, p = . 



we get p 



or 



25000d 25000 x 12D 
25000p x 12D 12 x 250OOpD 
L = or L= . 

v 2 v 2 

From the foregoing we had v = 66.75 y h where 
"h" is in inches and to put this in ounces we have 
h 

P= for one oz. = 1.73 inches. Therefore, 

1.73 
h=1.73p or v= 66.75 \ 1.73p or v = 87.70 \ p. 
Hence squaring "v" and substituting in the equa- 
12x25000pD 12x25000pD 

tion L = we get L = . 

v 2 (87.70) 2 p 

Therefore, when the length is such that the friction 
pressure equals the velocity pressure we can cancel 

12 x 25000D 300000D 

"p" and we get L = = or 

(87 JO)' 7700 

L = 39D which means that in a length of pipe 
equal to 39 diameters of the pipe the pressure loss 
due to friction will be equal to the velocity pres- 
sure. In practice it is usual to consider this as 40 
diameters instead of 39. 

There are some investigators who consider Weis- 
bach's coefficient too high. However, it is a safe 
figure to use because the average piping system will 
not be as carefully made as would be a test pipe for 
laboratory purposes. Hence the formula using 
\\ eisbach's coefficient gives us a factor of safety for 
the inequalities of average workmanship. 

In many generating and substations air ducts are 
constructed of concrete. Attention should be called 
to the porosity of average concrete. When such 
construction is used for air ducts in which pres- 
sures of several inches of water will be maintained 
the interior should be coated with neat cement and 
painted with a good oil paint. The average friction 
loss in concrete is figured at a pressure equal to the 
velocity pressure in 20 diam. for smooth concrete, 
and as low as 15 diam. for rough concrete. These 
are figures used by the B. F. Sturtevant Company. 

For the loss in duct constructed of brick there has 
been deduced from Babcock & Wilcox data on 
chimneys that the friction loss in pressure is equal 
to the velocity pressure in a length equal to 13 to 15 
diameters. 

In as much as most air handling systems are 
working at low pressures, care must be taken to 
permit an easy flow. In the case of steam moving 
at several thousand feet per minute and at pres- 
sures of 200 pounds and more per square inch the 
loss due to a sharp right angle elbow is not of much 
consequence as it is a very small percentage of the 
total pressure in a pipe system; however, the loss 
due to a short right angle elbow is equal to the 
velocity pressure and that may be from 10 to 25 per 
cent of the total pressure of an air duct system. The 
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loss due to various restrictions is given in Table I. 
These are in terms of velocity pressure and of the 
friction in straight pipe in terms of diameters. 

The loss through air washers is usually *4 in. at 
500 ft. per minute velocity. This is the velocity 
through the gross area. For other velocities the 
loss is proportional to the square of the velocity. 

Cotton cloth, when used as an air cleaning or 
filtering device, should be impregnated to be non- 
inflammable. The loss is some function of the ve- 
locity. If the interstices are considered an orifice 
the loss will vary as the square of the velocity. 

A. E. Stacey (May, 1921— Journal A. S. H. & 
V. E.) found that the resistance through canton 
flannel was directly as the velocity up to fifty feet 
per minute. As such velocities are believed to be 
below the critical velocity and smooth flow without 
eddies resulted the relationship between velocity and 
resistance may be accounted for. Even if the re- 
sistance did vary as the velocity it is evident that 
the area of cloth filters should be such that very low 
velocities will result, as Stacey found a resistance of 
0.13 in. water gauge loss at 50 ft. per minute. Con- 
sequently, at 1000 feet velocity the resistance would 
be at least 2.60 in. 

Stacey further showed that silk clogged with 
carbon particles had a resistance seven times that 
of the same piece of silk clean. With a fabric such 
as canton flannel the resistance does not increase so 
materially with an accumulation of dirt. Cheese 
cloth is commonly used for filters but is not so de- 
sirable as flannel, because of the lack of nap, and 
while it may offer a slightly lower resistance to the 
flow of air, its filtering property is less than flannel 
and its resistance materially increases with an ac- 
cumulation of dust. 

Air movement is necessary to produce ventilation. 
Such air movement is beneficial to both operators 
and machines. In the case of operators it brings 
a fresh supply of air into contact with the bodv. 
This air carries away the heated envelope surround- 
ing the body and of most importance it carries away 
the moisture that is being continuouslv brought to 
the skin. 

It is through evaporation that a large measure 
of the heat balance of our bodies is maintained. 
Naturally if we restrict this cooling effect which 
comes from evaporation and allow an envelope of 
highly saturated air to enclose our bodies, the body 
temperature rises with an increase in the rate of 
pulse and discomfort. 

EQUIPMENT REQUIRING ARTIFICIAL 
VENTILATION 

In the early days of power generation, machines 
were of small size, slow speed, and were isolated. 
The growth of the power load, coupled with the 
increase in the size and rotative speed of machinery. 
have made it necessary to enclose the larger high- 
speed apparatus. This was occasioned by the fol- 
lowing conditions : 

(1) Windage noise of high speed machinery. 

(2) Need of pressure chambers in long core ma- 
chines to force air through to center of core. 



( 3 ) Necessity of cleaning air going to large 
machines. 

(4) Comfort of operators in stations of restricted 
space. 

(5) Obtaining cooler air from outside. 

(6) Avoiding possibility in motor generator sets 
of one machine taking hot air from the other. 

The amount of air required by a large machine 
varies from 75 to 100 cubic feet per minute per 
kilowatt loss ; the lower range being used for large 
high speed turbines, while the upper range is for 
slower speed units. The amount of air is dependent 
upon the air temperature rise through a machine 
and usually varies between 18 deg. and 24 deg. 
The greater the amount of air circulated, the lower 
the air rise, and the lower the hot spot temperature. 
The hot spot temperature is the machine rise above 
the temperature of the leaving air, so the tempera- 
ture rise of the air going through the machine en- 
ters directly into the total temperature. 

The air for the great majority of enclosed ma- 
chines is obtained and propelled through the ma- 
chine by fans fastened to the rotor. The inlet and 
outlet ducts must be short, having few bends, of 
liberal radius, and of ample cross sectional area. 

The pressure drop varies in different classes of 
apparatus. Ten to twelve inches of water pressure 
is recpiired in a turbo-generator while only one to 
two inches are required in synchronous converters, 
synchronous motors and d.c. generators. For other 
classes of apparatus, especially where external 
blowers are not used, air velocities should be kept 
low, not to exceed 1000 feet. In self-ventilated, 
enclosed machines, the velocity of air in the air 
ducts ranges between 1000 and 1500 feet per minute. 
For force-ventilated machines, with separate blow- 
ers the air velocity in the ducts may be increased 
i<> between 2000 and 3000 feet per minute. 

A. C. Turbo-Generators 

Figure 1 shows a standard method of enclosing 
a turbo-generator. A double end bell, at each end. 
is bolted to the frame. The cooling air enters the 

Exhaust 




Air Intake- 

FIG. 1— A. C. Turbine Generator. 

outer end bell at the bottom and flows through the 
inner end bell around the shaft to the fan blade* 
The space between the inner end bell and the core 
is a pressure chamber which forces the air through 
the various ventilating paths in the machine. The 
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air outlet can be through the top into the room, 
through the top to the outside by a duct, or through 
the bottom. 

Up to date, the type of enclosing bell shown in 
Fig. 1, seems to have been satisfactory from the 
standpoint of noise. Power houses are usually 
located at a distance from residential districts, 
therefore the roaring noise becomes much reduced 
and muffled by I he time it is carried to the outside 
air. The noise is not sufficiently muffled so that the 
power house is quiet, but the noise is of low pitch 
and not seriously objectionable to operators. 

Vertical Water Wheel Generators 

( )n large vertical water wheel generators and es- 
peciall) where there are several in the same station, 
it is often desirable to discharge the hot air to, and 
draw the cooling air from, the outside of the build- 
ing. I his condition is especially desirable in sum- 




FIG. 



-Vertical Water Wheel Generator 



mer to avoid excessive temperature in the generator 
room. In winter time provision is usually made for 
trging a portion of the hot air into the genera- 
tor room for heating purposes. 

( )n the lower speed vertical units which have an 
open spider construction, the above condition is easy 
to overcome. The cooling air is usually drawn in 
from the pit below the generator (Fig. 2). The 
pressure created by the poles and blowers is such 
as to draw air in from both sides of the machine 
and force it into the air gap and between poles and 
out through the vent ducts in the core, the cooling 
air for the top of the machine being drawn up 
through the spider around the shaft. The upper 
part of the machine above the blowers and winding 
is closed to prevent air being drawn in at the top 
from the generator room. For discharging the hot 



air to the outside of the building, it is the usual 
practice to furnish a special cast frame, or a special 
sheet steel housing around the conventional open 
type cast iron frame, with provision for connection 
to discharge ducts to the outside of the building. 

On large high speed vertical units where the high 
stresses make it necessary to use a solid rotor con- 
struction, such as rolled steel plates, and where the 
core is too wide to depend on drawing the air from 
the bottom of the machine, a different and more 
complicated construction is necessary. 

A 28.000 kv-a., 11,000 volt. 3 phase, 50/60 cycle, 
428 514 r.p.m. vertical water wheel type generator 
being built by the Westinghouse Electric & Manu- 
facturing Company for the Southern California 
Edison Company, is a machine of this type, and a 
brief description of the ventilation of the machine 
with special provision for getting the air to the top 
of the machine follows : 

Figure 3 shows a cros^ section of the machine. 
The fans "p" are of the inclined shrouded type, 
cfticientK designed and of such proportion as to 
give a pressure corresponding to .; , in. of water, 
m addition to that required to fore the air through 










FIG. 3 — Verth m. Wates Wheei Generator. 

the generator, to take care of the pressure drop ;n 
the cooling air through humidifiers. As shown in 
the figure, the air is drawn in from the bottom pari 
of the generator. The machine has a conventional 

open type frame and a double sheet steel housing 
built around it. The upper part of the housing is 
attached to and has the same slope as the Upper 
bracket arms. Although the individual chamber- of 
the air housing are eccentric with respect to the 
generator, the outer contour is circular (except 
where the discharge duct is attached at "D") and 
concentric with the generator. The ducts for the 
cooling air open into the pit below the generator 
and into the chamber "A." The air for the bottom 
half of the unit is drawn directly from the pit. The 
air for the upper half of the generator is drawn 
up through the chamber "A" and discharged into 
the opening or chamber between bracket arms. 



B 
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Holes are provided in the webs of the bracket 
arms through which any unequal discharge of air 
into the chambers between bracket arms can be 
equalized. The air goes directly into the upper 
part of the machine from this chamber and is 
drawn into the machine from the top and bottom, 
thence forced through the vent ducts in the 
and out the holes in the frame to the 
chamber "B" and finally from the discharge D to tru- 
outside of the building. The general circulation 
of air is indicated by arro 

Horizontal Water Wheel Generator* 

The large horizontal gent 
ane manner ;. 

-nme reasons. Fig. 4 illustrates a 




J 



'\ the 






• • • • 



the amount of air entering the intake. Following 
this, an opening in the intake was made connecting 
the head house and condenser rooms. This open- 
had louvers installed in it which provided a 
still nner adjustment of the air going to the gen- 
erator and at the same time allowing the possibility 
re-circulating >ome of the air from the turbine 

tne later, due to leakage of steam seals 
s condensation on the sky lights of 
turbine room became excessive. 
To eliminate this trouble, cam 
temporarily built over and above these maclv 
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FIG. 6 — Detroit Edison Co., Marysville 



V 



from the turbine ; third, prevent condensation on 
turbine room ceiling; and fourth, heat the turbine 
and condenser rooms in winter and cool with 
washed air in the summer. 

Transformers 

One of the latest schemes of air blast transformer 
ventilation which is to be used in the Elizabeth Street 



Substation of the United Electric Light & Power 
Company (Fig. 8) includes exhaust ducts arranged 
to take air directly from the outlet of the trans- 
formers and carry it to the exhaust outlets at the 
roof which not only provide lower room tempera- 
tures, but is also of some relief to the operator. In 
this particular case it was necessary to provide 
blowers having an operating air pressure of five 
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vidual fireproof compartments which would require 
artificial ventilation, objections have been satisfied by 
properly protecting the exposed surfaces with non- 
combustible material. 

Motor Generator Sets 

Figure 9 shows a scheme of ventilation with semi- 
enclosed machines where the air paths for the units 
are quite separate, the air being taken in at the 
end bell and, in the case of the motor, discharged 
through the chimney type frame, while with the 
direct current machines it is discharged into the 
room at the commutator end. 



commutator with twelve glass windows around the 
circumference so that the commutator can at all 
times be inspected, and any part is accessible 
through a window. This arrangement is very simi- 
lar to that adopted for synchronous converters, and 
goes a long way toward solving the noise problem. 

The apparatus shown is primarily used in sub- 
stations which are often located in residential dis- 
tricts or in the basements of large office buildings. 
Accordingly, the reduction of noise to a low amount 
is of great importance, but is subordinate to ventila- 
tion. 

Considering first the enclosing covers necessary 





Motor air inlet 

FIG. 9— Automatic Motor-General 



generator air inlet 



I his scheme is entirely satisfactory as far as the 
ventilation of the machine- is concerned, but the 

discharge of the hot air into the room is often un- 
desirable. The Westinghouse Electric & Manufac- 
turing Company has recently developed a totally 
enclosed d.c. generator, as shown in Fig. 10. On the 
commutator end, iron covers are placed over the 



i?JnA f pr °o^ vtntllation - Fi £- 11 shows a standard 
lUUUkw 900 r.p.m. motor generator set with dx 
machine left open and a.c. machine enclosed Stand- 
ard enclosing end bells are used on the outboard end 
ot the motor. Due to the proximity of the two ma- 
chines ,t is not feasible to use this construction on 
the inboard end, for the a.c machine would take 
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the outgoing air from the d.c, machine which may 
be approximately 15 degrees hotter than the room 
temperature. The inboard end of the a.c. motor 



Air Outlet 



Exhaust Chamber 
Wired glass port hole 




PIG. 10— D. C Generator Totally Enclosed. 



under this condition would be approximately Id 
degrees hotter than the other end. 

A double end bell, shown in Fig. 11, is placed 
on the inboard end and carried down to the floor 
plates. On the other end of the set the bedplate 
bridge is raised to permit the ventilating air to flow 
underneath. The air for the inboard end is then 
drawn from the room, under the bridge, and under 




FIG 11— Motor-Generator Set— A.C. Machine 
Enclosed. 

the machine to the double end bell ; thence through 
the machine to the room. 

The motor rotor of a 1000 kw. set is a solid mass, 
with no possibility of passing air through. On larger 
sets with the units close together, the inboard end of 
the a.c. machine is completely closed, and the air 
from that end is drawn from the front through 
openings in the rotor. 

Synchronous Converters 

Quite recently a design of enclosed synchronous 
converter, as shown in Fig. 12, was brought out 
which it is hoped will go a long way towards miti- 



gating the difficulties of ventilating and suppressing 
noise in substations situated in congested districts. 
The system of ventilation is in no way experi- 
mental, since the direction of the air through the 
machine has not been changed, but the air col- 
lected and discharged through a chimney similar to 
Fig. 13. The cooling air first passes over the col- 
lector rings and through the booster rotor and 
stator. The windage of the main armature is so 
strong relative to the booster armature that all the 
discharge from the small unit is carried into the 
main armature, and it is thus unnecessary to pro- 
vide any enclosure over the collector rings. The 
first enclosure consists of an end bell extending 
down from the converter frame to the booster 
frame. The upper half of this end bell is cast in 
one piece and the lower half in two pieces for easy 
dismantling. Hand holes are provided for inspec- 
tion and handling. This end bell catches all the 
air discharged from the rear end winding and di- 
rects it through the field and out into the front dis- 
charge chamber which extends around the commu- 
tator. The air passing through the armature core 
ducts and the front end windings also collects in the 
main discharge chamber. 

This directional control of the ventilating air 
makes possible the efficient use of all the air passed 
through the machine and eliminates the defect of 
mixing incoming and exhaust air. Thus only the 
minimum quantity of air required for effective 
ventilation has to be handled. 

The front enclosure cover consists of a circum- 
ferential cast bell in three parts. The top segment 
forms the hot air outlet to which the exhaust blowers 
are piped. The segments on either side of the con- 
verter commutator have large wire-glass doors, 
hinged for read}' access to the brushes and brush- 
rigging. Windows are also provided on the front 
side of the enclosing end bell so that the view of 
the commutator is obstructed as little as possible. 

The space for synchronous converters for loca- 
tion in office buildings is fixed by the building de- 
sign, and capacities are constantly growing larger. 
The space limit for the required capacity of self- 
ventilated machines has been reached in many locali- 
ties, and it is not improbable that forced ventilation 
will be used to obtain greater capacity from the 
same equipment. On synchronous converter work, 
it is frequently impossible to find adequate area for 
entrance ducts for forced ventilation in buildings 
where high ambient room temperatures are com- 
mon. 

One scheme of converter ventilation tried out by 
the Commonwealth Edison Company was that of 
placing a hood or housing like the scroll of a fan 
around the field frame, the object bein^ to produce 
an action similar to that of a blower, the scroll cor- 
responding to the housing of a fan and the armature 
to the wheel. This would have removed the objec- 
tion found in the partition scheme by making the 
commutator and collector parts of the unit accessi- 
ble. However, it did not reduce the temperature 
of the machine to any appreciable degree although 
it did cool the substation space. The presence of 
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FIG. 12— Entloskd Syxchron. 



the held frame, windings and pole pieces within the 
housing caused sufficient eddy currents in the air as 
to nullify the blower characteristics and made the 
scheme of no value. 

Sj nchronoui < 'tmdenm i - 

chronous cond [ten located in sub- 

stations in residential <>r office districts where i 

becomes an important factor. This apparatus does 
no mechanical work, and the tender, make 

them of high speed t«> reduce firs d operat- 



ing losses. \\ Kile the peripheral speed of a con- 
denser is much lower than a turbine, there is 
a windage noise that is ohjcctionable in a 
district. The larger \y made enclosed, re- 

gardless of their location, to obtain proper ventila- 
tion. Jhe smaller types located in residential dis- 
tricts are enclosed to reduce the i 
2000 kv-a.. 720 r.p.m 
the latter type. The end 
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changes in the blowers, but mainly, the noise has 
reduced to acceptable limits by taking the air 
the outside through a baffled duct. 

To eliminate the noise due to a 5000 kv-a. 12,800 
volt synchronous condenser installed in a subsl 

not designed for this apparatus the Union Gas & 

Electric Company, of Cincinnati overcame the un- 

ible feature by entirely enclosing the condenser 

room and discharging the air through 

the roof. In this particular case a discharge due: 

tt iron was used and each section of the duct 

ushioned by a cork gasket. 



Induction Motor? 

Induction motors are very rarely built with en- 

When of large size, they are of 

speed that they are neither noisy nor of 

such long core length that they require special 

ventilation. 
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D. C. Machinery 

Direct current machines are very rarely enclosed. 
Enclosing covers with separate fans are used for 
large reversing mill motors where the speed is so 
low that they will not self-ventilate properly. 
Motors for ship propulsion and generators forming 
pa" -rimes enclosed by use of rear 

end bells 

a force-ventilated reversing mill 

mol in a steel mill. The cooling air from 

the pit is forced in the section between the two 

un irate blower-, and then flows outward 

rich machine to the room. 

SI BSTATIOIN VENTILATION 
tj for Mechanical Ventilation 
Heat LottM EYevMVtlj Determined 

transformer and converter units within floor area- 
no larger than were formerly used for the 
uni- 1 in the introducti ical 
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only to large cities, but has been worked out very 
successfully both from the standpoint of ventilation 
and also from the standpoint of feeder distribution. 

Volume- 

The amount of air required under the specifica- 
tions of the manufacturers in a station of five 4000 
kw. converters based on 12,000 cubic feet for each 
transformer and 25,000 cubic feet for each ro- 
converter is 185,000 cubic feet of air per minute. 
All of this air must be handled mechanically and 
must be taken from points insuring reasonable 
cleanlin'. 

In order to guarantee each piece of apparatus its 
proper quantity of air, individual blowers must be 
introduced at each machine and a general system 
of exhaust must be introduced to prevent these in- 
dividual blowers working against an abnormal pres- 
sure in the room. 

\dmi~ion of Air to Converter Room 

Poim of A<lmi--iun 

In selecting the point of admission for fresh air, 
care must be taken to avoid drawing any of the air 
lewalk which is usually heavily laden 
with dust and such point must be remote from the 
point of discharge. Since in the City of >rk 

the Building Code requires a set back in the build- 
ing at the rear so that not more than 90 per cent 
the area of the lot may be occupied at a height 
the curb, an excellent opportunity 
lecure a source of fresh air at the 
building, the air being admitted from a 
• above the curb and rem 
where the air will probably be fotmd 
Mid dirt as it would t> 

\ir ^ a-l 

n found | 

• • •' 
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B 
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quickly 

maximun 

Wll wj. 



Substation Ventilation 



17 



Distribution of Exhaust Opening 

Movement of Air in Machine Room 

The heated air from the various machines rises 
directly over each machine to the ceiling and the ex- 
haust system must be so designed that this heated 
air can be picked out at various locations near the 
ceiling. Unless this be done, portions of the rooms, 
particularly those remote from the front openings, 
will be abnormally heated and the machines in the 
of the room will feel the effects of the high 
temperatures of the atmosphere of the room. 

Duel Construction 

I lie air duct in the rear leading into the fresh 
air chamber in the basement prevents the installa- 
tion oi windows and the only natural opening to the 
oiu <i atmosphere is in the front of the room, which 
in hot weather is kept opened by the station opera- 
tors. If the exhaust system which is frequently 
taken up in the front of the building is not dis- 
tributed over the entire area of the room by means 
of ducts, there is the short circuiting of air from 
the front doors and windows directly into the ex- 
haust duct, thereby defeating the purpose of the 
exha 

Interference of Ducts on Ceilings and Collapsible Ducta 

The ducts that are carried over the ceiling of the 
converter room are made collapsible or removable 
wherever there are crane interferences. The ex- 
haust duct passing up through the building to the 
blower pent house on the roof is built in with the 
masonry , construction and plastered or finished 
smooth on the inside to reduce friction. 

Vent on Roof 
Annoyance to Neighbors 

The warm air exhaust through the root fans is in 
man) cases discharged at points lower than the 
neighboring buildings and in the summer time when 
the windows are kept opened and the air is particu- 
larly warm, great care must be used to prevent an- 
e to the neighbors. The exhaust must, there- 
fore, be carried as nearly vertical as possible and 
located alter carefully surveying the neighboring 
conditions. 

Good results are often obtained by exhausting 

through holes in the roof without the introduction 

of pipes or ducts projecting above the roof. This 

the imaginary annoyance which the sight 

in exhaust head might produce. 

M itMinji of Exhaust Air 

If the discharged air is delivered at a very high 
velocity, a very disagreeable noise is sometimes pro- 
duced which annoys adjoining tenants, particularly 
at night time, and efforts have been made to provide 
a muffler which will not decrease efficiency. 

Experiments made by lining the exhaust chamber 
with sound deadening brick or sound absorbing 
material have been made but results hardly warrant 
i it expense in this line. If the air be ex- 
hausted into a large chamber, which in turn vents 



to the roof through a steel grating, the sound is 
hardly audible except to one standing near the grat- 
ing on the roof. 

Specific Cases 

Investigations by the Commonwealth Edison 
Company over a period of five or six years indi- 
cated that while the problem is one of space ventila- 
tion, no solution was feasible without taking into 
consideration the ventilation of the apparatus; that 
is, the present type of converting apparatus re- 
quired that the two problems be considered together. 
The problem is further complicated by the question 
of handling the intake and exhaust air, especially so 
when installing ducts in basement stations or carry- 
ing them to the top of business buildings. Further 
investigations also indicate that where sufficient 
space and opening- overhead are available, the natu- 
ral ventilation of machines, as now designed, is 
much to be preferred. In substations above the 
Street level where the building structure permit- 
large ventilating monitors in the roof over the row 
of units and both ends of the substation opened by 
means of large doors or windows, are superior to 
any wall baffles or ventilating partitions such as are 

necessary in substations located below the street 

level. 

For substations below the street level, as m Chi- 
cago where the intake and discharge openings are on 
Opposite sides of the mom. approximately 60 per 

cent of the air was not affected in any way in cool- 
ing either space or apparatus. In other words, the 
air was drawn in from the intake, drifted across the 
ceiling and out the discharge duct. This interferes 
with the natural displacement of tin,- room air rising 

from the units so that there was considerably more 

re-circulation of room air than in the substation 
with an open monitor. For correcting this condi- 
tion, the best method was found to he by dividing 
the substation into two rooms by means of a parti- 
tion or wad placed parallel to the row of units and 
SO located that the commutator end of each machine 
just projected through the partition. This per- 
mitted all of the air drawn into the machine from 
the d.c. end to be taken directly from the fresh air 
intake and reduced the amount of re-circulation by 
approximately 60 per cent. These partitions were 
found to reduce the temperature of the air dis- 
charge over the machine approximately 10 deg. cent, 
on the average. This partition did not effect the 
usual amount of re-circulation of the air through 
the collector ring side of the main armature and 
through the booster armature. This re-circulation 
might be further reduced by the installation of an- 
other wall along the a.c. side of the units, but would 
seriously interfere with operating conditions and 
maintenance of apparatus. While this type of in- 
stallation has not given entire satisfaction, it is 
thought to be the best obtainable with synchronous 
converters as now designed. 

The conclusion has been reached that the ventilat- 
ing problem for new machines can best be solved 
by providing a closed system on the discharge side 
which, of course, will call for vent ducts and ex- 
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hausting fans; and further, that the intake air to 
the unit should be drawn from the open substation 
space rather than by means of an intake duct since 
a common intake duct to several machines does not 
give equal air distribution. 

The Stone Street Substation of the New York 
Edison Company, now in the course of construction, 



Air Intake 
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FIG. 17- X. V. Edison i o. Stone St. Substation — 
Half Plan of Top Floor. 

i- 1m ing built along what is believed to be the most 
approved lines. Figs. 1/. 18 and 1 ( > show the general 
scheme. In this building the scheme is to bring the 
Fresh air in from the roof through a vertical shaft 
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FIG. 19 — N. Y. Edison Co. Stone St. Substation- 
Air Intake. 

at a velocity of 900 feci per minute to a chamber 
under the rotary converters and air blast trans- 
formers! entering the chamber directly at the middle 

point, and in this chamber are located the blowi 

discharging directly upward into the converters and 
trans fom 
The capacity of the converter i^ 4200 kw., and 

of it^ blower, 20.000 cubic feet pet minute at 1 in. 

static pn die blower dischai \ under 

the converter but the cooling efficiency is rather 

indefinite due to the difficulty of dis< th< 

cool air directly on the commutator. A tal 

enclosure SO designed as to direct moi itlv 

the discharge of air from the blower will form I 
part of the convi ' 

i . < i al substations where ventilating pi 

- have I died handling air in amounts 

rying from 30.000 to 50,000 cubic I 
variation in general statioi has 
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FIG 



20 V Y I Idison ( b. \\ <r\ ii St. Si b>t.\ i iu 
Ventilating Blowers. 



i mmi ici blowers are in practically the same position 
a- the convertei blowers. 

Figs. 21 and 11 are views uf tlu- machines ven- 
tilated by these blowers. The discharge is into tin 
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Y. Edison Co. E, 6tb Si Substation- 
Syn< hronous Converters. 



open room which is in turn sucked up through an 
opening in the ceiling by blowers above to be dis- 
charged into the open at the roof. 

Basement Substations 

Ventilation of basement type of substations of 

has become of great importance due to the 
difficulty of not only getting air to the substation 
for room ventilation but also the difficulty of direct- 
ing the air through the machines effectively and to 
efficient outlet for the amount of air required. 
The Commonwealth Edison Company has done 
some experimental work along the lines of cn- 
closures for apparatus; also expensive enclosures 
of the partition type which virtually encloses ma- 
chines in a separate room have heen built, hut re- 
sults indicate that the only satisfactory- answer to 
thi> problem from a new apparatus point of view is 
to have the manufacturer enclose the machines in 




FIG 22 — N. Y. Edison Co. E. 6th St ion — 

Air Blast Tt rs. 

a manner similar to that which they have foil 
in connection with synchronous condensers. There 
may be some limitations to this method as n 
commutators on account of the machines being 
placed on a basement floor instead of ha\ ii 
ment beneath, and there may he some other i 
tions due to apparent inacessibility which onh 
crating experience can measure. In the cases when 
machines have been enclosed with a partition, air is 
drawn through the commutat* h projects 

through the partition and a Miction is maim 
behind the partition to pull the heated air away 
the machine into the exhaust duct. This type of 
construction applies, of course, where the mai I 
are in a row with shafts parallel and is a po^ibl* 
solution for the ol< ! of niacin : 

Batterv Room Ventilation 

The ventilation of in t> simi- 

lar in many respect- to tl d ventilation of the 

rotary room or an) other large room. The qu< 
of the number of air changes per hour must be de- 
termined I <-trects 
of a rapid charging or disci 

The priii Mem in the ventilation 

tery room i- t< the acid fumes before tinw- 

are discharged mm the atmosphere. Th< 
substation in New York (n\ is lower than the sur- 
rounding buildings and the acid fumes then 
must verj readil} find their waj into neighl 
apartments. In spite of all the efforts thai 
been made to destro) the» fumes, ii i- • 
impossible to obtain KM) per cent perfection 1 In-, 
however, is real!;, nor essential because the dil 
of the acid laden air by the atmosphere is sufl 
to destroy a large percent of the acid which is 
drawn out through the ventilation sysl 
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The elimination of a high percentage of the acid 
would naturally be followed by a very low efficiency 
of the ventilation system and a line must be drawn 
somewhere if ventilation is to be sufficiently effec- 
tive to prevent the accumulation of acid and free 
hydrogen in the battery room. 
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FIG. 23— N. Y. Edison Co. \V. 39th St. Substation- 
Cross Section of Acid Eliminator. 

Various forms of acid eliminators have been de- 
signed with more or less success. The introduction 
of a soda solution through which the acid fumes 
pass lias .shown that very little neutralization takes 
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FIG. 24— N. Y. Edison Co. W. 39th St Substation- 
Longitudinal Section thru Acid Eliminator 



place and the best results have been obtained by a 
spray washer with fresh water and the standard 
form of eliminator plates. The acid eliminator 
must be introduced between the battery room and 
the fan, and even with the small percentage of acid 
which passes the eliminator, the fan rapidly de- 
teriorates. A good acid proof paint will correct this 
trouble, but better results are obtained by a lead 
wash over the entire surface of the fan blades and 
the inside surface of the metal duct. 

Figs. 23, 24 and 25 show an acid eliminator 
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FIG. 25— N. V. Edison Co. W. 39th St. Substation— 

Section Showing Acid Eliminator or Air Washer in 

Position. 

which is to be introduced in the West 39th Street 
Substation of the New York Edison Company. 
This substation is between two theatres and in the 
rear of a 24-story building, so it is of great impor- 
tance to prevent the distribution of acid fumes. 
This washer will replace one made up of perforated 
lead plates without a spray, which has not been 
satisfactory. 

A new type of blower introduced this year by the 
New York Edison Company in which the inside 
faces have been treated with a rubber composition 
applied in a layer about y* in. thick. These special 
fans have not been in service long enough to give 
any definite results. 

The spray washer or any other form of washer 
which requires the use of water necessitates the in- 
troduction of water service at the roof line and an 
acid proof drainage system. This means, in many 
cases, the introduction of a pump and a tank in 
order to maintain water at the roof level. 

In order to make the movement of air through 
the battery room uniform, registers are introduced 
at the opposite end of the room to the exhaust. 
These registers are placed along the floor line and 
also at the ceiling line so that the room becomes a 
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ventilating duct across its full cross section with 
fresh air being forced along the floor which would 
otherwise remain quite damp. 

The exhaust from this system should, as in the 
case of the converter room ventilation, be projected 
vertically upwards which will conduct the diluted 
acid laden air to a higher atmosphere and permit 
of further dilution before it could be carried to 
neighboring windows. 

On account of friction through the eliminator, 
it has been found good practice to supply an ex- 
haust fan of a capacity that would empty the room 
about fifteen times per hour with free exhaust. The 
net result could possibly be reduced on account of 
this friction to ten times per hour. 

Temperature Data from Operating Companies 

The principal consideration seems to be to prevent 
room temperature from exceeding the point at 
which operators can comfortably work and to pre- 
vent apparatus from operating at a temperature 
above its guaranteed limits. Due to the wide variety 
lion obtaining in substation buildings, 
it would seem that each proposition must be ap- 
proached individually as it is evident that substa- 
tions located in outlying sections can be so designed 
to preserve comfortable and safe temperatures 

TABLE II 

Summary 01 Replies to Questionnaires Relative to 

Substation Room and Apparatus Temperatures 





Approximate 

Average 

Room 

Temperature 


a pproximate 
Maximum 
Apparatus 

Temperature 


Boston Edison On 


:::' 


Guaranteed "limit 


Brooklyn Edison Co 


40' C. 


Not given 


monwealth Edison Co.. 


E i :> 


8fi' New Equip 
80" Old Equip 


Consumers Power Co. 


Regulated for 

« Operator's 

Comfort 


Within 
onable 

Limits 


Detroit Edison Co 


;::, 


70° 


Kansas City Pwr, & \A. Co. 


41" 


Not given 


Louisville Gas & Elec. Co.. . 


38* 


80' 


Milwaukee Elec.Ry. & L.Co. 


40 s 
Within few de- 


80' 


Mississippi River Pwr. Co. 


grees of summer 

outdoor tempera- 
ture 


Ifanufai turei i 
Guarantee 


Montreal Lt,, Heat & Pr.Co. 


38° 


Nol given 


Narragansett Elec. Lt. Co. . 


35 s 




New York Edison Co 


i hove max- 
imum sumnwr 
temperature 


80° 


Public Service Elec. Co... 


35" 


85° 


Rochester Gas & Elec. Corp. 


32' 


85° 


San Joaquin Lt & Pr. Co. . . 


High tempera- 
ture — No attempt 
to regulate 


All Transformers 
Outdoors 


Southern Sierra Power Co. . 


45* 


74° 


Union Elec. Lt. A Pr. Co. . . 


45 1 


85° 


United Elec. Lt. & Pwr. Co, 


M' 


Manufacturer's 
Guarantee 



with natural ventilation, whereas substations in the 
basements of downtown buildings would require 
artifical ventilation, the size and type being depend- 
ent upon space available, arrangement and capacity 
of installed apparatus. 

Sufficient data is not now available to enable us 
to formulate any standards, for temperatures will 
involve a classification of different types of sub- 
stations containing different types and sizes of elec- 
trical equipment. 

Ventilation Tests 

Some very interesting tests on natural ventilation 
of substation equipment have been made by the 
Cleveland Railway Company. The station tested 
was a railway substation with automatic control in 
which were installed two 1500 kw. synchronous con- 
verters with air blast transformers and automatic 
switching equipment. 

The tests were conducted with smoke obtained 
from a device similar to that used for smoking bee-. 
This smoke was blown into the ventilating air at 
different points and the course of the air current 
carefully charted. The accompanying illustrations 
show the results obtained. 

Fig. K) shows a longitudinal section of the 
station. There is a ventilating chamber extending 
the entire length of the basement which opens to the 
outside atmosphere at each end. It was intended 
that cool air should blow in at both ends of the 
duct, rising up through the openings in the bed plate 
of the machines and then out the roof ventil 
As the chart shows, the air does nut move in the 
direction expected. The cool air flows in through 
the ventilators at the right baud i-nd of the station, 
and part of this air flows directly through the ven 
t dating chamber and out the opposite end. Fig. 
27 is a cros> section of the station which shows the 
re-circulation of a portion of the air and also thai 
hot air from the discharge of the air blast trans- 
former Mows into the converter instead of rising 
directly to the ceiling and out the roof ventilat 
expected. There is also shown some re-circulation 
of the air coming out of the transformers and back- 
through the blower into the pressure chambers. 

Fig. 28. a plan view of the basement, shows 
how the flow of air enters at one end and proceeds 
quite consistently toward the opposite end, all go- 
ing out the opposite ventilator instead of rising 
through the floor openings. These tests would 
seem to prove that the modern tendency toward 
separation of intake and discharge air is the correct 
method for securing good ventilation of rotating 
apparatus. 

Careful tests have been made by the Common- 
wealth Edison Company on the experimental hood 
Figs. 29 and 30, installed over Unit 1 at Plymouth 
Place and are comparable with similar tests made 
on Unit 2, which is the same type of machine but 
has no hood over it. 

The design of the machine is such that both ends 
of the armature and the end of the commutator 
carry a swirl of air around with them as they rotate. 
This air enters between the risers to the armature 
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FIG. 26— Cleveland Railway Co. Substation. Automatic Control— Longitudinal Section. 




FIG. 27— Cleveland Railway Co. Substation. Automatic Control—* 



trol— Cross Section. 
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FIG. 28 — Cleveland Railway Co. Substation. Automatk Control— Pi \\ oi- Baskmi-.nt. 



and is then thown out again, some of it passing off 
and part mixing with new air and being sucked into 
the machine again. About two-thirds of it is re- 
circulated air and about one-third is cool air. At 
full load the difference in temperature between this 
swirl and the air passing out from the machine is 
4 (leg. cent, on the machine with the hood, and 3 deg. 
on the machine without the hood. An all day 
run at full load indicated that the temperature of 
the copper of the armature was 10 degrees hotter 
than the swirling air on Unit 1 and 7 degrees hotter 
on Unit 2. 

\\ hvn the hoods are installed on all of the units 
and the partitions separating the room in two parts 
are in place, the room temperature will be lower by 
about 15 or 20 degrees. This could not be accom- 
plished by hoods made like the present experimental 
hood because it is not large enough and allows a 



great deal of heated air to pass out into the room 
and re-circulate through the machine. The hood 
should be about 6 in. deeper on the south side, and 
should be 2 in. from the armature on the a.c. end, 
and flare out 2 in. wider where it passes the field 
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FIG. 29 — Experimental Ventilating Hood for 
Synchronous Converter. 



FIG. 30 — Experimental Ventilating Hood for 
Synchronous Converter. 
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yoke. On the d.c. side the hood should extend to 
the edge of the pit under the machine, which is 
about 6 in. from the end of the commutator. It 
should be extended over on the north side of the 
machine as well as on the south side. It is not nec- 
essary for the edge of the hood to extend down so 
near the commutator on the d.c. side. This will 
make the brushes more accessible. A great deal of 
heated air is thrown off from the outer end of the 
commutator by clamping bolts. This is carried 
around with the commutator and a large volume of 
air is thrown out of the pit. The hood as it is 
installed at present does not catch any of this air. 

By leaving a space of 2 in. between the a.c. end 
of the armature and the hood, a suction is formed 
and part of the swirling air is sucked into the hood. 
This actually reduces the temperature of the swirl- 
ing air and accounts for part of the difference in 
temperature between the copper and the swirling 
air on Units 1 and 2. We recommend that the 
changes indicated above be made immediately on 
the temporary hood so that further tests and ob- 
servations can be made before the permanent hood 
is designed and installed. 

Another test on the cooling of a rotary converter 
at the Edison Building Substation of the Common- 
wealth Edison Company was carried out by the 
rotation of the armature which acts as a centnfugal 
blower, sucking the air in through the ends and 
blowing it out through the ventilating ducts in the 
core and end connections of the winding. The 
peripheral >peed of the surface of the armature i? 
such that air is blown through it at a velocitv of 
5000 feet per minute, which i^ equivalent to nearly 
one ounce of static pre>-urr. If the machine were 
installed in the open, the heated air from the arma- 
ture would be thrown some distance from the ma- 
chine where it would quickly rise and cool air would 
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I— Partitions for Synchronous Converters, Edison- 
Building Substation of Commonwealth Edison Co. 



FIG. 32— Experiment in Ventilation— Common- 
wealth Edison Co. 
Figures in circles after partition installed. Figures 
without circles before partition installed. ' 

be sucked into the armature. This condition is 
approximated by the substations with monitor roofs, 
but in most of "the substations the ventilation is not 
upward but horizontal across the room. The cool- 
ing air enters at one side of the room, passes across 
the room and out the other side through either win- 
dows or a duct. If half of the air sweeping across 
the room passes through the machines and half over 
them, then the temperature of the air entering the 
machines will be the same as that at the exhaust, 
and the temperature of the air leaving the machines 
will be much higher. On the other hand, if we 
separate the cooling air from the heated air, as 
shown in the accompanying print, the heated' air 
will pass out of the exhaust at the same temperature 
that it leaves the machine. This would be the same 
as the temperature that enters the machine in the 
case mentioned above. 

Fig. 31 shows the location of the temporary 
partitions installed at the Edison Building Substa- 
tion to separate the cooling air from the heated air. 
Insufficient ventilation is provided by the exhaust 
fan and part of the heated air is re-circulated by 
the machine, but none of the cooling air passes 
over the machines directly to the exhaust. This is 
shown by the fact that the temperature at the ex- 
haust is the same as the temperature of the air 
leaving the machines. Temperatures shown in Fig. 
32 both before and after partition was installed 

It will be seen in Figs. 31 and 32 that Unit 3 has 
the partition separating both the d.c. end and the 
a.c. end of the machine from the heated air, and the 
temperature of the air thrown out by the armature 
on both sides of the main field yoke is 26 deg. cent. 
On Unit 2 the air coming out of the armature on 
both sides of the main field yoke is 30 deg cent., and 
comes out of the booster at 32 deg. cent. The' rea- 
son for this is that less cooling air is provided at 
the a.c. end of the armature and so heated air is 
re-circulated to some extent. 
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Asbestos barriers are being installed on all three 
units where the air enters the ax. end of the arma- 
ture. This will prevent the heated air from being 
drawn into the machine and will allow cool air to 
be sucked over to the a.c. end through the commuta- 
tor spider. As soon as these barriers are in place a 
test will be made to show the effectiveness of this 
scheme. The advantage of these barriers is that 
they will make it necessary to provide two parti- 
tions, one to direct the cool air to the d.c. end of 
the machine and the other to direct it to the a.c. 
end of the machine. 

Previous to installing the partition, it was espe- 
cially hot around Units 1 and 3 ; all of the cooling 
air swept around Unit 2, much of it passing over 
the machine and not through it, so that even Unit 2 
did not run as cool as it now does with the partition 
in place. This shows that a great deal of the cool- 
ing air passed into the exhaust duct without passing 
through the machine. 

On Unit 2 (being the center machine of the 
group), additional fan blades were placed in the 
commutator spider that more air would be drawn 
in from the commutator side. 

Sheet metal rings or collars are installed between 
partition and fiber guard, enclosing the radiating 
fins at end of commutator to prevent hot air of 
commutator from being drawn into spider. 

NOISE 

While considerable is heard about prevention of 
noises in substations, no great amount of work 
seems to have been done along these lines, except 
in a few cases. For instance (as thoroughly de- 
scribed in the General Electric Review of October 
1922— article on Garvanza Noiseless Substation of 
the Los Angeles Railway Corporation), it is almost 
universally true that in stations not fundamentally 
designed to be noiseless, satisfactory relief has been 
found by enclosing the offending piece of machinery 
in a separate room and discharging its air through 
the roof. Likewise, improved methods of machine 
ventilation such as ducts and partitions seem to help 
materially. 

Determination of Noise 

Continuous complaints to companies operating 
substations in closely congested or residential dis- 
tricts have required in some instances that specific 
attention be given to its reduction or elimination. 

Several methods for the determination of the 
magnitude of the offending noise as well as for the 
percentage of suppression due to several methods 
introduced are : 

1. An electrostatic transmitter in conjunction 
with amplifiers, a thermo-couple and a milliameter. 

2. A carbon microphone, with amplifiers and an 
oscillograph. The measure of the sound intensity 
would be determined by the relative amplitude of 
the r.m.s. values of the current computed from the 
oscillograms. 

3. A michrophone with amplifiers, a set of head 
phones and a "noise standard/' commonly used by 
telephone engineers. The "noise standard" is ad- 



justable and is fitted with a calibrated dial. By 
tuning the "noise standard" to the amplified noise, 
some measure of the relative intensity for different 
conditions is possible. 

4. A mechanical diaphragm tuned to resonate with 
the desired frequency. This would necessitate deli- 
cate measurements of the physical amplitude of the 
vibrations and a study of the mechanical damping 
factor of the apparatus. 

5. A physiological test in which the observers 
walk away from the source of the noise in a straight 
line until they are confident that they can no longer 
hear any disturbances from a particular source. 

Criticisms of Proposed Methods 

1. If this method of providing sensitive instru- 
ments is utilized and all reasonable precautions 
in taking data are observed, it should give quite ac- 
curate results, but due to the sensitiveness of the 
apparatus as well as the likelihood of errors re- 
sulting, a simpler method seems to be preferred. 

2. It is thought that this method, besides being 
cumbersome, would not yield as accurate results a* 
the first method with its presumably inherent in- 
accuracies. 

3. In this case it is felt that the change in intensity 
to the ear with different frequencies might introduce 
many errors. 

4. Delicacy again enters as a prominent factor 
and probably this method would not be satis factorv 
as compared to simpler methods. 

Specific Cases 

After consideration of the five different methods, 
the Public Service Electric Company of New Jersey 
selected the physiological test (5) since it was felt 
that the amount of time and money involved in one 
or more of the other tests was not warranted. 

In this particular case the points thus determined 
indicate the limits of audibility for the various ob- 
servers. By obtaining these limits of audibility for 
each observer under the two noise conditions, the 
relative reduction may be expressed roughly as in- 
versely proportional to the squares of the distances. 
This method while somewhat crude may be ex- 
pected to give rather consistent results if reasonable 
precautions are observed. 

While the various individual readings differ con- 
siderably, several of the results checked remarkably 
well. 

In a test of this sort great care should be taken 
to conduct it at a time when extraneous noises and 
wind disturbances are at a minimum. It is obvious 
that the personal equation with respect to relative 
ear sensitivities and sound reflections enter in, but, 
however, it is felt for ordinary purposes that this 
method is satisfactory. 

In a few cases in substations where it was im- 
perative to reduce the noise to extreme low limits, 
a room of burlap or beaver board was built around 
the unit, and this deadened the noise to within satis- 
factory limits. 

The case of a 1000 k\v. 900 r.p.m. motor generator 
installed by the Public Service Electric Company in 
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its Fort Lee Substation, not designed to accommo- 
date anything but static apparatus, caused so much 
vibration and noise that a remedy had to be found. 
The vibration was eliminated by rebalancing. As 
an experiment, in order to lessen the noise, a tile 
wall was built across the rear of the substation to 
replace a sheet iron end that acted as sounding 
board. In addition, a 10,000 cubic foot blower was 
installed in the basement to force air through the 
machine over which was built a double sided wooden 
housing. The air passed through the motor-genera- 
tor set going to the roof, then downward to the 
floor, through the double sides and into the room. 
It is judged that this housing eliminated about 60 
per cent of the noise, but which was not enough to 
stop complaints. 

One objection to the housing was that it offered 
so much resistance to the air that the motor generator 
set became SO heated it was considered unsafe to 
more than nearly approach its maximum load, and 
in hot weather the load was limited to considerably 
below normal rating. 

Last year the compan) Installed at Bayonne, N. J., 

another machine- of the same size and make, which 
was so noisy that the building was finally closed 
tight by means of double windows and double doors. 
In addition, exhaust blowers were installed in the 

roof with a battle arrangement between the roof 

trusses and the gable of the roof. '1 his installation 

eliminated a great deal of the noise and further 
changes will be made before long, but just how, has 
not 1>< en de< ided upon. 

At the present tune a new substation is being de- 

d for the Public Service Electric Company to 
1500 kw„ 600 r.p.m. automatic motor 
for railway s< rvice and in addition 
nstalled a number of 3-phase, 

volt, lighting and power feeders. 
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through the roof and the air outlet also will be 
through the roof through suitable baffle plates. 

RADIATOR TYPE COOLERS 

The question of the use of radiator type coolers 
for removing the heat from the ventilating air in 
electric machinery has recently become active, and 
a few general remarks may be considered along 
lines touching upon design, advantages, possibilities 
equipmenti and general conclusions. 

Design 

A surface cooler is a device similar to an auto- 
mobile radiator, with air passing over one side and 
water on the other side of a number of tubes. The 
heat transfer from air to water can be effected if the 
device is supplied with the necessary amount of 
water at a temperature below the temperature of 
the air. The cooled air can never be brought down 
to the water temperature except by an infinitely long 
contact of the air with the elements of the cooler! 
In practice, if the difference in temperature between 
the hot air and the cold water be taken as 100 per 
cent, it is not practical to reduce the air temperature 
an amount in excess of from 55 to 75 per cent, de- 
pending on circumstances. The depth of th< 
in the direction of the air flow varies as the log 

- where X is the per cent drop or change in 
1-x 
temperature. 

\dvanl.i 

The radiator type of cooler lends itself to the u 

Of the closed air system of cooling. The hot air Is 
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and s ( . n t hack again into the machin< h a 
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are drop through the cooler for 
the air circuit. The relation of these factors can be 
best shown by an illustration ; viz., A may be taken 
hange in the air temperature produced b) 
picking up tl • in the generator. A, there fore- 

is a fixed amount when the volume of air and the 
re known. I> may be taken as the tempera- 
ture of the air leaving the cooler. A plus B is, 
therefore, the temperature of the hot air entering 

tin in 1m- taken a- K. Let <J be taken 

mperature ol the exiling water K minu 

me in temperature between the hot air 

and the cooling water. The cooler can reduce the 

ill ,i |h C ( all this | 

Mid the difference 1 ; then the air tew 
ing through the cooler, is 
B minu Q is a limiting factor in the cooler 
and the imaller its actual value, the lai 
the " the value I 
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sorbed by the condensate element of the cooler. 
T, 
%KW, = — -Z (1) 

A 
1 
Also K-Q 8 = — t K-B) i 1-'. K\\ : x'i K\\ 

X 

Equation i 1 ) permits us to determine the percent- 
of energy diverted to the condensate, when we 
control the water valve on the cold water element. 
•>o as to hold the air entering I it some 

predetermined figure. Equation (2) shows tin 
limiting value for [J : under the conditions of Equa 
tion ( 1 i. An illustrated example will best sho? 
these conditions. 
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passes of three rows of tubes in parallel per pass. 
The combined cooler would, therefore, consist of 
18 rows of tubes in depth of the air flow. 

As a comparison, the cooler using cold water only 
at 80 deg. fahr. for the water, and an entering 
temperature of the air to the generator of 38 deg. 
cent, would require a value of x equal to 0.68. For 
such a drop, the number of tubes, depthwise, would 
be 12. In other words, the cold water cooler de- 
signed to handle all the losses at summer tempera- 
ture for cooling water would be two-thirds of the 
size of a combination cooler, using condensate, and, 
further, would have two-thirds of the air pressure 
drop. Design for the same pressure drop and the 
velocity of the air could be increased 23 per cent, 
so that the relative size for the same air drop is 
approximately 2 to 1. The air drop through the 
cooler i- a direct function of the number of rows of 
tubes in depth times the square of the air velocity, 
between tubes. A considerable difference in the 
5l of coolers is apparent, if it is attempted to re- 
cover the heat in the condensate. This naturallv 
raise- the question as to whether the expense of the 
condensate cooler is justified. The answer depends 
on the cost of other methods of heating condensate, 
fn station, where two or more stage bleeding is 
1 to heat the condensate, it requires a layout of 
the heat balance to determine whether the extra cost 
of condensate air cooler is warranted. The heat 
recover from the cooler reduces the amount of 
steam bled a1 the lowest pressure, and the value of 
ilii^ reduction in savin- at the boiler is largelv de- 
clined In tlic temperature of the lowest point of 
bleeding. If steam can he hied at four or five 
absolute, it has a relatively high total B.t.u. 
content, but only a small percentage of this heat can 
be converted to power if passed through the turbine 
the condenser. Therefore, the bleeding efficiency 
IS high. There i>. of course, some additional cost 
m bleeding, hut this cost can be balanced against 
extra mvcs, mem in tne Cn0 ] rr _ \; U( ] VV lIle con( Ji. 
tions outlined, there would appear, ordinarily, to he 
very little in favor of the condensate cooler. 

Equipment Involved 

For a surface coder of the cold water type the 
equipment involved consists of the cooler elements 
the piping, the air duct. and. in some cases, a pump 
tor circulating water. In other cases, the main cir- 
culating pump to the condenser may he able to pass 
the writer to the cooler in parallel to the condenser 
Ibis water is then returned to the intake side of the 
pump or else thrown away. This possibility de- 
pends on the relative pumping head to the "main 
condenser and the cooler. 

a combined cooler, using condensate the 
<ame equipment as specified above for the ' cold 
water element is necessary, plus an additional alli- 
ance in head for the condensate pump to ovi 
the added friction of that cooler element which lift 
condensate. In both cases, a temperature indicating 
e, showing the temperature of the entering air 
to the generator, should be installed. In the com- 
bined cooler, the control of the cold water element 



in most cases would preferably be manually oper- 
ated by the station attendant, as load conditions 
would be sufficiently steady, so that very little atten- 
tion would be needed. 

Conclusions 

The closed air system has certain undoubted ad- 
vantages which have been enumerated. It is gen- 
erally recognized that these advantages are worth 
while. The surface cooler in connection with the 
closed air system also has certain advantages in the 
way of compactness, cleanliness, freedom from 
moisture, etc. The unknown factors are cost and 
life of the equipment. Undoubtedly, the first can 
be secured from many manufacturers, and will be 
stabilized in time. The second is problematic, but 
at present can be compared to condenser life, as the 
service conditions are quite similar. Where salt 
water is the only available cooling medium, the sur- 
face cooler would seem to have everything in its 
favor. The use of condensate as a cooling medium 
cannot always be justified. As shown, the percent- 
age of the heat recovered to the condensate depends, 
to a large extent, on the use of high vacuum. The 
cooler cost is bound to be higher than for a cooler 
not recovering heat, and the investment must be 
balanced against the operating cost involved in other 
methods of heating the condensate. 

The surface coolers now manufactured for cool- 
ing the air circulating in a closed ventilating system 
in general consist of a series of finned tubes ar- 
ranged so as to give the necessarv area to prevent 
undue restriction in the flow of the air, the tubes 
being standard condenser tubes having applied 
them copper fins. These fins give a large ratio of 
air cooling surface, approximately seven to one, so 
that the cooler can he assembled in a small space.' 

'I his further emphasizes one of the chief advan- 
tages of closed system of ventilation, namelv, small 
volume of air content in the circulating 'system 
which gives a limited volume of oxygen to support 
combustion. The amount of dirt which enters the 
system is almost entirely eliminated in a closed 
tern either with spray or ventilating cooling. The 
surface cooler has the further advantage of "regain- 
ing the losses of the generator by using the con- 
densate from the steam turbine for circulating 
through the regulators. The surface cooler can be 
installed in the small space generally directly be- 
neath the generator which simplifies 'the ducts for 
the ventilating system. A practical^ constant tem- 
perature is obtained for the windings independent of 
load when the condensate is used as a cooling me- 
dium. The surface cooler has no water in direct 
contact with the air, thus removing the necessity 
moisture eliminators and preventing rustinir of the 
ducts. 6 

There is now one of t ,] ( . rs in snrc ,.. s f u | 

operation at the Amsterdam steam plant of the 
Adirondack Power Company. This 
duct leading from tJ ,f the machine through 

air coolers and so that the I the generator 

heat By thi, means of ventilation 
dust is eliminator! from the generator and the quan- 
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tity of air is so limited that in case of fire, combus- 
tion would not be supported for any length of time. 
The room taken by the cooling system is less than 
that required by taking air from the outside and 
passing it through washers. In this particular case 
the cost of installing the ventilating system was 
about two-thirds of that which would be required 
to install a system of air washers. Inasmuch as the 
air is dry and clean, the possibility of the formation 
of a muddy film caused by dust and moist air, that is 
later baked on the windings, is eliminated. Less 
water is required for cooling than is taken by air 
washers, and less pumping losses are involved since 
the air washer required a considerable head of water 
to properly atomize it. 

DUCT DESIGN FOR MECHANICAL DRAFT 

For air, as well as other fluids, smooth flow i- 
desirable. Air ducts for forced and induced draft 
should therefore be designed to permit smooth flow 
and at low velocities as compared to steam velocities. 
The pressure put up by centrifugal fans for draft 
work is usually limited to 8 in. water pressure; less 
that 3/10 pounds per square inch. The resi stance 
through the furnace may be 5 in. or 6 in. ; conse- 
quently, not much pressure is left for duct friction. 
There are numerous methods of designing a duct 
'cm and the final results will vary, as the various 

rmulas and methods are based on constants of 
different values. One method is to assume a veloc 
ity. After designing the system the friction can be 
determined by using Weisbach's formula P — f 
L w 

. When this is converted into a form that 

d 2g 

gives the pressure loss in ounce per square inch, the 
length in feet, the diameter in inches and the veloc- 
itv in feet per second, we get, using the value of 

Lw 

f as 0.0001608, the form p . Many 

25000d 
tables of the pressure-drop in air ducts have been 
developed from the foregoing formula. If the de- 
signer is not familiar with air duct practice he may 
choose a velocity that would be so high as to require 
a considerable pressure to produce the air flow 
needed ; or, on the other hand, he might start with a 
velocity so low as to require a duct too large for the 
space available. It is therefore a matter of prac- 
tice to design an air duct of economic proportions 

A second method would be to assume or deter- 
mine the pressure loss that could be allowed between 
the wind box and the fan. Knowing the length of 
duct then from Weisbach's formula determine the 

v 2 
value of — . With a given volume to start with 

d 
we can substitute for the value of v volume divided 
by area. This then leaves only area and d unknown. 
Rut the area can be considered circular and ex- 
pressed in a term of d. Then solving for d the 
diameter can be found. 

Air has weight ; consequently, moving air when 
arrested will develop a pressure head. It is usual 



to designate this as velocity pressure. From the 
law of falling bodies we derive the equation v= 
4000 \ h where "v" is velocity in feet per minute 
and "h" is head in inches of water. From the equa- 
tion for pressure loss we can derive the loss in 
terms of velocity pressure and the length of pipe in 
terms of diameter. When the friction loss is equal 
to the velocity pressure the length will be found to 
be approximately 40 diameters. Consequently, it is 
customary to determine friction loss on the basis of 
velocity pressure and the duct length in terms of the 
duct diameter. Thus air flowing at 2000 per minute 
will represent a velocity pressure of % in. water 



pressure as 



( 2000 ) J 



^4000 > 



(4000)- 



or 54. If the duct is 60 ft. long and 2 ft. 
(4000) 2 
in diam., 40 diam. would equal 80 ft., so that in 60 

60 
ft. it would represent a pressure loss equal — 

SO 
or Y\ to the velocity pressure of of l /\ in. 

The foregoing is on the basis of a fan discharg- 
ing air through a duct system terminating in one 
outlet and in the system a uniform velocity be- 
ing maintained. A different procedure is advisable 
where a duct system has numerous outlets. Start- 
ing from the fan outlet with a certain area duct, 
which fixes the velocity, we can reduce the area 
beyond the first outlet for a smaller volume is now 
flowing. If we reduce the area so that the same 
velocity results we do not have the same friction 
effect, for the ratio of perimeter to cross sectional 
area is a factor in friction and a system so designed 
would be difficult to balance to produce the correct 
discharge through the different nutlets. It is cus- 
tomary to reduce the velocity in duct as the area is 
reduced, to maintain the friction effect uniform. 

A much better method i< to proportion piping 
systems on a basis of equivalent areas. For a fair 
degree of accuracy and ease of handling, tables of 
equivalent areas are based on 5 in. diam. pipes. The 
table of sizes used is based on the carrying capacity 
of pipes. At the same velocity of flow, the volume 
delivered by two pipes of different sizes is propor- 
tional to the squares of their diameters. With the 
same head, however, the velocity is less in a smaller 
pipe and the volume varies about as the square root 
of the fifth power. Let us assume a system is to be 
designed to deliver air through 16 outlets and each 
outlet to deliver 1500 feet of air per minute. Let 
us assume an initial velocity of 2400 ft. per minute 
at the fan outlet. Sixteen outlets each delivering 
1500 cu. ft. per minute require a total of 24,000 
cu. ft. to be delivered by the fan. With a velocity of 
2400 ft. per minute the area of duct at the fan out- 
24000 

let should be or 10 sq. ft. which is equivalent 

2400 
to 1440 sq. in. This is approximately the area of 
43 in. pipe. Referring to a table of 5's we find a 
43 in. pipe is equivalent to 215 5-in. pipes. Having 
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24,000 cu. ft. flowing and 215 5-in. pipes the volume 

24000 
per 5-in. pipe is - or 111.5 eu. ft. Having 



215 

1500 from each outlet we require 



1500 
111.5 



13.5 



5-in. pipes, which is approximately equivalent to a 
14-in. pipe, the size of each outlet. Consequently, 
each of the 16 branches will be 14 in. in diam. The 
pipe size to supply two outlets will be equivalent to 
2 x 13.5 or 27 5-in. pipes. The equivalent of which 
would be a 19-in. pipe; for 3 outlets 40 5-in pipes 
or a 22-in. pipe ; for four outlets 54 5-in. or a 25-in. 
pipe, etc., until for the 16 outlets we have 215 5-in. 
pipes or a 43-in. pipe. Now, to determine the fric- 
tion we can consider the pipe of a uniform diam. of 
43-in. and a uniform velocity of 2400 feet per mill 

Lv 2 

J hen using the formula p = we can de- 

25000d 
termine the pressure drop through the system, or 
use the method of the length in diameter's and the 
velocity pressure lost in each 40 diameters. 
_ The discharge of equivalent pipe sizes and the 
Friction in inches f water per 100 ft. of length for 
round and rectangular pipes has been developed into 
many tables an d charts. The tables used by the 
B. I . Sturtevant Company are published herewith 
' I ables III to IX inclusive.) 

It is evident that the higher the velocity the 
er the friction and the greater the pressure 

must be put by the fan to overcome the friction or 
knee. 1 1 >s also evident that pressure 

• work and the rate of work is the power 

Hierefore, there is economy in low velocity systems 

However, there is a point below winch the saving 
VT due to the low velocity is offset by in- 
vestment and depreciation charges on the duct" sys- 
tem, .and by the charges on the space occupi- 
the duct if it is usable space. The point below which 
a further reduction in velocity does not produce 
saving in power to offset investment char- 
termed 1a some the optimum velocity. It will gen- 
erally be found for systems in which the pressure 

in. that the static pressure should 1 - 
c «* of the total pressure; or the velocity pressure 
should be about 25 per cent of the static pressure 

in. the economical condition 
I 

- the velocirj m n 

wire. 

• lirectioo of gov 
mpanied by a loss in energy To 

<»rect] hup right ang 

luently. duct work si 
sroootl tnifonn a w ith 

large ■ rad- Rranch coi 

should be tapered and taken off at an 



greater than 45 degrees. Any change in area should 
be made by means of a transformation piece with a 
slope of about 10 degrees. 

Duct leakage has been the cause of the failure of 
a boiler to meet its guaranteed rating. Leakage 
into and from draft ducts should be eliminated. 
\\ here concrete is used for duct work unusual care 
must be used to prevent leakage. All concrete air 
ducts for pressures of several inches should be 
coated inside with neat cement and painted inside 
under pressure with oil paint. Average concrete 
will have a friction coefficient twice that of sheet 
steel, hence care must be had to produce smooth 
surfaces. 

Duct resistance varies as the square of the veloc- 
ity. Volume discharged varies the square root of 
the head. A duct system is the orifice of a fan and 
for the same orifice the fan performance will vary 
with the speed. 

The volume will vary directly with the speed. As 
velocity is a function of volume and as head or 
pressure varies as the square of the velocity, then 
the resistance varies as the square of the speed 
I ower vanes as the cube of the speed. Conse- 
quently, a slight increase in speed results in a con- 
siderable increase in power. ]f then a fan motor 
which has been applied with very little excess ca- 
pacity runs 7 per cent high the load will be more 
than 20 per cent high and will result in an ov( 
headed motor. On the other hand, a slightly over- 
loaded fan motor can be corrected by a slight re- 
duction in speed and usually the slight decrease in 
air delivery would not be noticed 

Both Straight blade and forward curved blade 
fans have | arj , e volumetric capacity. If such fans 
are applied for operation against considerable 
sistance and operated at the proper speed for the 
estimated resistance the air deliverv will be if the 
res, stance should happen to he less than estimated 
much greater than required with a consequent 
creasr m power. Hence as if ls difficult t. i 
mine the resistance of a system absolute!; 

ess motor capacity should be provided for tins 
condition. The fully backward curved blade fan 

SUCh as the Sturtevant Silent vane and design 5 

turbo vane have a M-if limiting horse-i 
actenstic and with such fans foe DOW( 
with decreased resistance will under mam condi 

not! than that for the , 

n the fan was property chosen for the estJmati 
conditions thj ot be high4 for 

the estimated conditions j n 

at th( 

1 "' oi Tablet ol w Doc* 
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designer can choose at first a suitable friction. A 
beginner may choose a low friction per hundred 
feet which may result in a duct of unwieldy dimen- 
sions and excessive first cost. On the other hand, if 
designed on the basis of a high friction loss the sys- 
tem may require excessive power to deliver the air. 

Where the total pressure drop that can be al- 
lowed in the duct work is ascertainable, knowing 
the approximate length of the duct, the friction per 
hundred feet can be determined. Having decided 
that a loss per hundred feet equal to 0.3 in. water 
gauge can be allowed (this would be suitable for 
many ventilating systems with a length of about a 
hundred feet) the volume delivered is chosen from 
the column under the head 0.3 in. If the system 
has only one outlet then the full volume is delivered 
through a uniform pipe. For instance, to deliver 
30,000 cu. ft. per minute follow down the column 
0.3 until the nearest quantity to the desired volume 
is found. On the table this is 29.900. Project to 
the right from this quantity and under the column 
"Dia. in inches" will be found 45, which is the size 
pipe to convey the volume of air. It may happen 
that a round pipe cannot be used and a wide low 
duct is required. Projecting further to the right 
will be found various corresponding rectangular 
sizes; thus, as equivalent to 45 in. dia. would be 
found a 74 in. by 24 in. or a 41 in. by 41 in. Deter- 
mine the total length and multiply by the friction 
in inches per hundred foot of length. 

Elbows and turn- should be converted into 
equivalent lengths of pipe and added to the straight 
runs to obtain the total equivalent length. 

Where the system has several outlets the volume 

per outlet should be first determined. Having 

he friction the volume nearest corre- 

ding to the volume delivered through the last 

outlet (that is, the st distant) is located on 

tin table under the proper friction lo^s. To the 

right of tln^ volume will be found the proper duct 

size in either round or rectangular. This is the duct 

• leading to the last outlet. 

volume for the next outlet IS added to the 
volume delivered through the last to obtain the 
volume delivered through the next section of pipe. 
Follow d'>wn the same friction column until the 

new volume is found. ( opposite this will be found 
the size pipe which conveys the air to the last two 
outlets or branches as the case may be. From this 
point on the procedure is the same and eventually 
total volume to be delivered by m and 

lud 5ire to carry it are arrived at. This would 

be the size dud to attach to the fan out' 

should be noted that for most ventilating 

it the fan outlet should ' 

equal hat larger than the fan I 

\ I \ I II \ I [ON Oi M . < I IU< \l II ICHINERY 

Centrifugal < .i-.--l nd \\mI Flow <-r PfevpeUei 

Centrifuj f a wheel mounted 

a shaft and r The air i* 



taken in through one or two openings in the sizes 
of the housing. The openings are concentric with 
the fan shaft. The discharge from the housing is 
usually through one, but sometimes two openings 
in the housing and in a direction at right angles to 
the shaft. The centrifugal fans considered will be 
confined to the single stage type and for pressures 
up to 8 in. water gauge. 

A centrifugal fan may be compared to a hole 
with revolving blades around it. By centrifugal 
force the air between the blades is displaced and 
discharged, thereby creating a partial vacuum at the 
hole. Atmospheric pressure produces a flow 
through the hole, which is the inlet of the fan, thus 
filling the void between blades. As the revolving 
air between the blades must be thrown off in order 
to induce a flow through the inlet it is evident that 
the shape, arrangement and location of the blades 
has an influence on the discharge of the air. It can 
readily be conceived that the blades can be placed 
in such a way as to restrict the flow of air, while 
another arrangement will permit an easy and unob- 
structed flow. The blade form and its position is 
the most important factor in fan performance. 

If the air leaves the fan without any compression 
it is evident that it can only flow until the velocity 
is expended. To do useful work a fan must com- 
press the air so that as friction in the duct system 
destroys the velocity the compression head will be 
converted into velocity head and maintain the flow. 
Certain types of fan blades produce very little com- 
pression in the air, while others produce a con- 
siderable proportion of that produced by the fan. 
To make useful the work done by the blades, the 
scroll shaped housing has been developed. Its func- 
tion is to convert some of the velocity of the air into 
compression and to collect the air so that it can be 
delivered through a duct to the point desired. 
Hence the form of the housing i> of importance in 
fan design and performance. Further, the housing 
proportions vary for various blade forms, which 
makes it imperative to use the particular housing 
developed for a certain wheel with only that \\ 1 I 

Centrifugal fan^ are made with blades numbering 
from 4 to 64. The blades may be straight and 
radial, or- curved forward, that is with a 
face on the advancing side, the curved blade may 
be radial, tilted forward or backward; blad< 
be curved backward or with a on 

the advancing side. Some fan blades a?n 
that is, they extend from the wheel peripherj 

near the center of the wheel ; while others may be 
narrow, having a depth of but a small 

lie wheel dial 'ill other foi n -ng 

and curved backward with the blad< 
periphery and n 
ter. 

Th< ince chai 

I 

iliar; consequently, it 
apply th< 
suitable for a 
ordinary fan cl 



Ventilation of Electrical Machinery 



39 



narrow curved forward blade and the long curved 
backward blade. The pressure volume and effi- 
ciency characteristics of these three will be briefly 
outlined. 

When the outlet of an operating fan is blocked 
tight a pressure is produced and maintained in the 
housing. This pressure is usually known as the 
static no delivery pressure, often designated as 
''S.N.D." pressure. The pressure for a given speed 
is dependent upon the type of wheel, number and 
arrangement of blades, number and size of inlets 
and the design of the casing. It might be sup- 
posed that an excessive pressure would continue to 
build up in a blocked tight fan, but the blocked 
tight pressure soon reaches a point where any ad- 
ditional pressure due to pulsation becomes greater 
than average pressure between pulsations and a 
"blow back" through the inlet results. Thus a 
blocked tight fan operates as a series of pulsations 
that alternately result in air drawn in through the 
inlet and then blown back out of the inlet. What 
happens when the outlet is opened to permit air flow 
will be described for the fans with blades of the 
type above mentioned. 

All fans delivering through a fixed orifice have 
the following characteristics : the volume varies di- 
rectly as the speed, the pressure as the square of the 
speed and the horse-power as the cube of the speed. 
In all centrifugal fans except the fully curved back- 
ward blade fan the power at constant speed is in- 
creased with decreased resistance and this also holds 
for a range of 75 per cent of opening of the fully 
backward curved blade fan. In all centrifugal fans 
the power is least at blocked tight conditions. The 
propeller type on the other hand takes the least 
power under wide open or free discharge conditions 
and the power increases as the resistance is inter- 
posed until it takes the maximum power under 
blocked conditions. 

Straight Blade or Radial Blade Type 

Starting with a no-delivery condition, as soon as 
the outlet is slightly opened to permit an air flow, 
the pressure almost immediately begins to drop and 
as the outlet is still further opened the pressure de- 
creases at a still more rapid rate, until with an un- 
obstructed outlet we get but little static pressure. 
We get then a pressure volume curve as shown in 



Fig. 33. At the same time the horse-power re- 
quired to drive the fan has been undergoing a 
change. Although the fan has been doing no useful 
work when blocked it has required power to rotate 
the wheel. Now as soon as air begins to flow the 
weight of air handled becomes of some moment and 
the fan begins to require more power and as the out- 
let is wider and wider opened the power becomes 
greater. We get a power curve that after the out- 
let is 30 per cent open becomes a straight line slop- 
ing upward from left to right on the chart. See 





Perce ntaqe of Volume 

FIG. 33_Straight or Radial Blade Fax Charac- 
teristics — Constant Speed. 



FIG. 34 — Straight or Radial Blade I 

Fig. 33, which has the blocked conditions at the 
origin of the chart at the left. 

Doing no useful work blocked, the static efficiency 
is zero, but rises rapidly as the outlet is opened and 
reaches a maximum of about 55 per cent at a point 
of 40 per cent opening. From this point the static 
efficiency drops until it is practically zero at the 
wide open condition. It should be noted, however, 
that while the static efficiency is practically zero, the 
fan wide open is doing useful work and the total 
efficiency is approximately 25 per cent. 

The dropping pressure characteristic, considering 
it from a blocked to open condition, or, better a 
rising pressure characteristic, considering it from an 
open to closed condition, is a desirable characteristic 
for certain fan duty such as for forced draft for 
furnaces, air cooled forced blast transformers or 
other duty where a variable pressure may be en- 
countered. Whereas, in a forced draft for furnaces 
the resistance to the flow of air may be increased 
due to the thickening or clinkering of the fire, the 
straight blade fan will put up additional pressure to 
overcome the resistance with but a small percentage 
of decrease in volume of air delivered. 

Due to the fact that the fan blades are quite long 
the inlet of the fan must be small and this requires 
operation at lightloads ; thai is, from 60 per cent to 
70 per cent blocked for good efficiency. This re- 
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suits in a large fan for a small capacity and a slow 
speed fan not suitable for connection to high speed 
34 and 35 are typical of this type 
Fan. 

•I < urved Multiblade 1 ype 
The forward curved type is usually found in the 
multiblade form having 'from 48 to 64 blades. The 
mi this fan is much different 
From the straight blade Vs soon as the outlet is 
pened the pressure drops sharply, further, 
nds the drop less pronounced until the 
Imosl constant over a range of 
it of total range of the outl< t. This con- 
dition of alm< pn ssure ceases at a point 

(,t :i1 " i tling and fit. in there on the 

ops to the wide open point. 

1 h. ower curve of the curved forward 

blade fan rises rapidl) and at a greater rate than the 
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straight blade fan. This is due to the great vol- 
umetric capacity of the type of fan. As the blades 
are usually tilted forward the velocity of air leaving 
the blades under open conditions may be greater 
than the blade velocity. This can readily be shown 
by a velocity diagram. The efficiency of the multi- 
blade curved forward fan is not much greater at its 
maximum point than the ordinary straight blade fan, 
but the maximum efficiency is maintained over a 
wide range of outlet opening and at a point from 
40 to 60 per cent of wide open capacity. The vol- 
umetric capacity of the curved forward multiblade 
fan is very large. The narrow blades permit the 
largest inlet for a given wheel diameter. Due to 
the smaller space occupied for a given volume de- 
livered and the high efficiency for operation at such 
a large percentage of wide open condition this type 
of fan has almost entirely supplanted the earlier 
straight blade type for ventilating purposes. It also 
operates at higher speed than the straight blade type, 
making more suitable for direct connected motor 
drive. 

\\ here a nearly constant pressure will be encoun- 
tered as in the usual ventilating system, the multi- 
blade fan is suitable; but where a variable resistance 
is encountered unsatisfactory operation may result. 
Referring to Fig. 36 it will be noted that the maxi- 
mum efficiency is at a point where the pressure 
starts to drop rapidly. This would be the point of 
application and it will be seen that for decreased 
volume— that is. moving to the left — there is very 
little ris,- in the pressure curve until the nearly 
closed point is reached. This means where a slight 
increase m pressure results the volume may be very 
much reduced before a sufficient higher pressun 

developed to overcome the extra resistance. ( )n the 
Other hand, if the pressure is reduced the volume 



Percentage of Volume 
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becomes greatly increased and the horse-power re- 
quired very much increased as will be seen from the 
horse -power curve. 

Due to the large volumetric capacity and the Mat 
pressure curve multiblade tans are not suitable for 
operation in parallel, as one fan may carry very 
much more than its share of the load. Because of 
the characteristics of this fan it is necessary, where 
the resistance of a system may vary or be difficult 
to predetermine, a considerable excess of driver 
capacity over that required for normal operating 
conditions must be allowed. Fig. 37 is a typical 
rotor for this style fan. 

Fully Curved Backward Type 

The long curved backward type, of which Figs. 
38, 39 and 40 are typical, has a more pronounced 
dropping pressure characteristic than the straight 
blade type. In some designs the pressure, when the 




FIG. 38 — Fully Curved Backward Blade Fax. 

fan is operating partially open, may even rise above 
the blocked tight pressure by some fifteen per cent. 
The pressure drop becomes pronounced beyond 40 
per cent opening. The efficiency is maximum at 





FIG 39 — Fully Curvko Ba( kwapd Blade Fax. 



FIG. 4n — Full\ Curved Backward Blade Fax. 

60 to 70 per cent of wide open. The efficiency curve 
is widened out at the maximum range, making ii 
possible to choose a fan over a wider range of per- 
formance at high efficiency than is possible in other 
types. The static efficiency in addition may be over 
70 per cent, which is very much above the other 
types. 

The horse-power curve of the backward curved 
blade type rises at a lesser angle and at about the 
working point it flattens out horizontally. In at 
least one design it even drops as the wide open con- 
dition is reached. This makes it possible to apply a 
motor whose rating is no more than the power re- 
quired by the fan when it is applied beyond the 
maximum horse-power point. The pressure char- 
acteristic makes tins type of fan desirable for forced 
draft and other service where variable resistance but 
nearly constant volume is desired. The fully back- 
ward curved blade fan operates quietly and effi- 
ciently at speeds double those of the multiblade type 
making them suitable for direct connection to alter- 
nating current motors for light pressures and to 
slow speed turbines at pressures required' for forced 
draft. Fig. 41 shows pressure, volume, horse-power 
and efficiency curves of a typical backward curved 
fan. 

Propeller and Disc Type 

Propeller and disc fans are axially flow fans ; that 
is, the air flows into and from the wheel in a direc- 



130 
120 

1 10 
flOO 
§ 90 
£ 80 
■S 70 
S- 60 

I so 

S 40 



10 

v 10 20 30 40 50 60 70 60 90 100 
Percen+aqe of Volume 

FIG. 41 — Fully Curved Backward Blade Fan 
Characteristics — Constant Speed. 







1 1 1 | 1 1 
























5 


Itffjc P^um , n q 


^ 
























' 












ft 


y-i 


'« 




































^ 


*r 






























H^-"" 




T 

.„ncV 




K 














\ 










d# 


Li-» 


e&r 5 ! 




























ry 




T° T 
































/ 


' 




































/ 
































\ 






/ 


































\ 










































\ 




/ 






































\ 


/ 






































\ 



^m 



42 



Ventilation of Central Station Buildings and Equipment 



tion parallel to the axis of the shaft. Propeller fan 
blades are usually scoop-shaped, while disc fan 
blades are usually warped into a section of a helix. 
Propeller and disc fans are usually installed to 
handle air against little or no resistance and for such 
service they have as good efficiency as a centrifugal 
fan operating under the same conditions, the space 
occupied and first cost are very much in the favor 
of the propeller type. Against resistance, however, 
the propeller fan capacity and efficiency fall off, 
making this type unsuitable for efficient operation 
against any considerable pressure. 

For the ordinary propeller fan the resistance 
should be limited to % in. water gauge and for the 
disc fan to l / 2 in. The disc fan can be used effi- 
ciently against a higher pressure than that cus- 
tomary for propeller fans, because thev usually have 
overlapping blades and a large hub which tends to 
stop a reverse flow through the center of the wheel, 
which is moving at a much lower speed than the 
periphery. 

For exhaust ventilation where air is discharged 
out of doors, the propeller type will handle a sur- 
prisingly large volume for a small operating cost 
and a low first cost. For the removal of fume or 
vapor laden air, for removing excessively heated air 
under a roof or in a monitor, ventilating low head 
room basements, etc., the propeller tvpe is cus- 
tomarily used. 

Air Washers 

In this country commercial air washers, such as 
used for washing and cooling the air supplv for 
ventilating electrical apparatus, are almost entirely 
of the spray type. Rotating metal or fixed cloth 
screens, coke washers and other wet filters are not 
commonly used in this country, but are quite gen- 
erally used in Europe. As American practice is 
almost confined to the spray washers, this report 
will be confined to the details of their design. Most 
spray washers are designed along similar lines with 
only minor variations in construction details and 
nozzle design, consequently the following will cover 
the usual spray washer. 

Open System with Recirculated Water 

First there will be considered the sprav chamber 
which is formed by a top casing, two side casings 
and tank or sump at the bottom. In this chamber 
which is kept filled with a mist or fine spray of 
water, air on its way to the electrical apparatus 
which is to be ventilated, is thoroughly mixed with 
the spray, wetting the dust particles in 'the air Pan 
of the spray falls into the tank below the chamber 
where the water is collected and after passing 
through a strainer, is returned bv a centrifugal 
pump to the spray nozzles or spray producing 
device. & 

The leaving end of the chamber is closed off by 
a series of zigzag plates called eliminators which 
are usually similar to the plates of an oil or water 
separator for a steam line. The object of the plates 
is to remove from the air the free water carried in 
suspension. Due to the fineness of the spray and 



the velocity through the chamber a large amount of 
water is held in suspension. By changing the direc- 
tion of flow of the air a number of times the water 
can be deposited upon the plates, which are usually 
provided with gutters to conduct the water to the 
sump below. It is evident that the angle of inci- 
dence of the plate to the air flow will determine the 
degree of separation. If the plates were at right 
angles to the air flow the elimination woul dbe 100 
per cent, but such a plate would close the end of the 
chamber so that no air could flow. Consequently. 
the plates must be placed at some angle less than 
90 degrees. 

From a study of air flow it is known that the 
greater the degree of angle through which a stream 
of air is turned abruptly the greater the proportion 
of the velocity pressure lost by the change in direc- 
tion. From experimentation it has been found that 
an angle of 45 degrees was about the limit that 
would not result in an excessive pressure drop pass- 
ing the eliminators. But all the water in suspension 
cannot be removed in a single change of direction 
with plates at this angle; consequently, several 
changes in direction are produced. For complete 
elimination at velocities of 600 feet per minute four 
changes in direction are provided. But that number 
of air changes with the rubbing friction results in 
a pressure loss usually more than can be allowed in 
a ventilating system. Consequently, eliminator 
plates placed to present an angle of 30 dcg. to the 
flow of air are commonly used and with such an 
angle it is quite usual to provide six changes in 
direction. Such plates are usually spaced from 
l's in. to \y 2 in. apart. The drop in pressure 
vanes from }$ in. to y 2 in. water gauge at 600 ft. 
velocity per minute. 

The function of the- sprav is to wet the dust par- 
ticles ; consequently, dividing the air into manv 
streams by the closely spaced eliminators, practically 
all of the air comes into contact with the surface of 
the plates which are kept wet by the constantly im- 
pinging water particles. The wet dust particles 
readily adhere to the plate and are washed into the 
sump by the water that collects or by streams of 
water flowed over the plates. Thus, while the elimi- 
nators are necessary to remove the water in suspen- 
sion they have the other important function of act- 
ing as a washing surface. The greater the area of 
wet surface that is provided the more complete will 
be the washing. 

The spray device usually consists of a number of 
nozzles spaced over the area of the spray chamber 
and usually near the entering end. Most nozzle^ 
are of some form of centrifugal nozzle with various 
spiral devices to produce a mist. The nozzle pre- 
sents the greatest problem of air washer design It 
must produce a mist in the finest possible form 
must handle very dirty water, for much of the dust 
washed into the air is held in suspension in the 
water in the sump. Because of the volume of 
water required it is generally necessary for economi 
cal operation to recirculate the spray water A high 
pressure— that is, a hundred pounds or more- - 
through a very small orifice would produce the mo<t 
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desirable form of spray ; but the water used in an 
air washer will soon clog a small orifice. A high 
pressure discharging through a large orifice would 
result in a large volume of water handled and a 
consequent excessive power consumption. It is 
therefore necessary to design the nozzle with a large 
orifice to pass the material carried in suspension 
and at the same time produce as tine spray as pos- 
sible with a low pressure. 

The centrifugal and spiral nozzle quite satisfac- 
torily accomplishes this. Such nozzles are provided 
with orifices from Y% to J4 nicn in diameter, and 
deliver from 1 to 2 gallons per minute with pres- 
sures from 20 to 30 pounds. 

The total length of the ordinary washer is from 
6 to 8 feet. The nozzles are usually placed about 
four feet from the eliminators. In many designs an 
auxiliary spraying device is placed over the elemi- 
nators to keep them flooded with water to wash into 
the tank the dust impinging upon them. The cas- 
ing of the spray chamber is usually provided with 
an access door and the interior is lighted by marine 
type fixture. Strainers are usually provided in the 
sump and in the suction or discharge line of the 
pump. Recirculating pumps are usually of the en- 
closed impeller split casing double suction type. 

Due to the finely divided state of the spray water, 
evaporation takes place rapidly. The air will leave 
a washer in a saturated state or nearly so, As 
evaporation requires heat a reduction in temperature 
takes place. As no heat is added to the water (ex- 
' cept when, for reasons given later, outside air at 
temperatures near the freezing point of water is 
taken through the washer), the heat required for 
evaporation comes from the air. The heat of the 
air then is made up of sensible heat, the latent heat 
of vaporization of the water vapor present in the 
air and the sensible heat of the water vapor. As no 
outside heat has been added it is evident that the 
total heat of the air entering and leaving must re- 
main constant and the reduction of sensible heat 
must be equal to the increased latent heat of the 
increased water vapor that the leaving air carries. 
The wet bulb temperature of the air is the tem- 
perature of vaporization and is a measure of the 
total heat in the air and as the total does not change, 
the wet bulb temperature of the air passing through 
the washer does not change. Further the spray 
water temperature when recirculated assumes the 
wet bulb temperature of air. The air cannot be 
cooled below the wet bulb temperature, which is the 
water temperature, for at that temperature a further 
exchange of heat is not possible. The evaporation 
necessary to bring the air to the wet bulb tempera- 
ture results in complete saturation of the air, mak- 
ing further evaporation impossible. Hence the 
maximum cooling possible with recirculated spray 
water is to the wet bulb temperature of the entering 
air. 

The reduction in temperature of air by evapora- 
tion of the spray water provides <a maximum air 
temperature for cooling and ventilating a generator 
seldom exceeding 75 deg. fahr. A high temperature 



out of doors is rarely accompanied by a high hu- 
midity ; consequently, when a reduction in the air 
temperature is most needed it is almost always at- 
tainable. In certain parts of the Southwest where 
temperatures of more than a hundred are not un- 
common they are usually accompanied by relative 
humidities of 20 per cent and lower, which makes 
possible a reduction of 20 to 30 (leg. fahr. by the 
evaporation of the spray water in a washer using 
recirculated water. 

In localities where outside temperatures below 40 
deg. fahr. are encountered it is necessary to heat 
either the air or the spray water when such air ».s 
taken through the washer. The heating of the air 
can be accomplished by the usual blast heating coils, 
while for heating the water an ejector heater is 
placed in the pump suction or the tank. The air if 
heated by the blast coils, should be heated to a tem- 
perature not less than 40 deg. fahr. and preferably 
to 45 deg. It is possible to form mushy ice on the 
eliminators of an air washer when 40 deg. fahr. air 
is entering the washer. If the outside air is very 
dry and of low temperature, its wet bulb tempera- 
ture when heated to 40 deg. may be below 32 deg. 
and the temperature reduction which takes place 
due to evaporation may result in a leaving tempera- 
ture under 32 deg. with the result that ice may form 
on the eliminators. Such a condition may tear down 
the eliminators, but of more serious consequence is 
the stoppage of the flow of air necessary to ventilate 
the generator. A thermometer for indicating the 
temperature of the -air leaving the washer should 
be placed in the air duct just beyond the eliminators, 
rather than before the air washer. A temperature 
of 40 deg. at the leaving point is a safe one. 

The air, when it is heated by the water which is 
heated by steam ejectors or other means, leaves the 
washer completely saturated. In this condition care 
should be taken that there is no leakage of cold air 
into ducts beyond the washer, nor should the ducts 
be so constructed or located to present very cold 
surfaces which might cause a drop in temperature of 
this saturated air, which would result in precipita- 
tion. The vapor condensed may he carried along 
with the air on the windings of the machine. With 
the air heated instead of the water heated there is a 
certainty in many types of washers of air leaving 
the washer somewhat less than saturated so that a 
reduction of two or three degrees would be neces- 
sary before condensation takes place. 

The air velocity through the spray chamber is 
usually confined to 500-700 feet per minute and at 
such velocities the resistance to the flow of air or 
the pressure drop will be from J4 to \A inch water 
gauge. The amount of water sprayed will vary 
four to eight gallons per thousand cu. ft, washed 
per minute. 

An efficient washer will remove more than 95 per 
cent of ordinary dirt carried in suspension in the 
air. Where, however, the amount of soot or carbon 
particles is a large percentage of the dust particles 
in the air, the washing efficiency may be much less. 
The air washer does not readily remove sooty par- 
ticles. Because of the oily surface of such particles 
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they do not wet and do not so readily adhere to the 
eliminator plates. 

The most common construction for air washers 
is of galvanized iron and copper. Concrete construc- 
tion for the sump and spray chamber casing is often 
used. Not enough attention has been given to possi- 
bilities of heavy plate steel that is J4 to ^ in. thick 
for casing and tank. It might be expected that 
heavy boiler plate construction would more nearly 
meet the life of the turbine and generator than 
either light weight copper or galvanized iron. 

Open System with Continuous Water Supply 

The washer construction for a continuous supply 
of water does not differ from the washer when re- 
circulating the spray washer. The clearing effi- 
ciency does not change and the exchange of heat 
does not follow that which takes place when the 
spray water is recirculated. If the water supplied 
is above or below the wet bulb temperature of the 
air entering the washer, heat is added or subtracted 
and the change in temperature is no longer an 
adiabatic one as is the case when the spray water is 
recirculated. 

The air temperature leaving the washer is de- 
pendent upon die difference in the heat of the air 
and the temperature of the water, the relative 
weights of air and water, the fineness of the spray 
and the length of time of contact. In a single spray 
washer usim* a pound of water to a pound of air, 
the difference in temperature between leaving air 
and leaving water will be approximately 25 per cent 
of the initial difference between air and water when 
air at ordinary outside temperatures is passed 
through the washer. 

By spraying water much warmer than the enter- 
ing air temperature the air can be heated. The 
heating of water in a washer is often resorted to 
when air temperatures near or below $2 (leg. fahr. 
i^ washed. 

As the volume of water required for a large 
washer will be several hundred gallons per minute, 

OntinuOUS supply of water is not often used. 

Closed S\>!em of Ventilation 

Due to the limitations of the air washer in remov- 
ing dust, and the tire hazard with large volumes of 
air passing through the generator there has been 
developed the closed system in which the air is re- 
circulated and not the water. The functioning of 
the washer under these conditions is the same a 
washer in an open system using a continuous supply 
iter. 

As the duct work required to connect the washer 
to the intake connection and outlet of the gene 
is often difficult to arrang 

closed systems are arranged with the washer located 
inside of the generator foundation. This arrange- 
ment has the added advantage of using what might 
other'.-. space and at the same time 1< 

for the other apparatus the space outside of 
foundation. 

The construction of an air washer for location 



inside the foundation is usually special and has to 
be designed to fit the particular foundation. The 
chamber is usually divided into three parts; the 
middle one acting as a down take for the hot air 
from the generator; the two outside ones are usually 
the uptakes returning the air to the end bells of the 
machine. The spray nozzles may be located at the 
top of the downtake chamber with its water sprayed 
vertically downward with the air and with two sets 
of eliminators placed vertically at the bottom of the 
partition sheets which divide the chambers. A sec- 
ond arrangement is to place the spray nozzles near 
the bottom of the downtake and to spray the water 
vertically upward against the downward flowing air. 
The best contact between air and water is secured 
by this arrangement. 

It is sometimes necessary, because of space con- 
ditions, to place the eliminators in a horizontal posi- 
tion in the uptake chambers. When this is done it 
is quite desirable, but not necessary, to divide the 
spray nozzles into two groups and to place them in 
the uptake chambers below the eliminators. When 
this is done the spray can be directed downward 
against the upward flowing air and intimate contact 
secured. This arrangement eliminates the danger of 
water being sprayed into the bottom outlec of the 
generator which might happen with the water 
sprayed upward in the central or downtake chamber. 
As a precaution, however, a set of eliminators 
should be installed at the top of the downtake 
chamber when the spray is directed upward in the 
central chamber. 

The water used in the closed system is often the 
makeup water or the condensate from the turbines, 
or a combination of both. 

Closed System at Light Loads 

At light loads the makeup water will be insuffi- 
cient for cooling the air and under such conditions 
the system can be operated as a combined open and 
closed system. The available makeup water is sup- 
plied to the washer and mixes with water that is 
recirculated, the surplus amounting to the makeup 
water overflowing. To keep the water and air tem- 
peratures down to a safe operating temperature it 
necessary to open the dampers of the system par- 
tially and admit a percentage of fresh air and to 
diseharge part of the heated air. 

Air Washer Eliminators 

Eliminators are usually the part of an air washer 
that has to be replaced first. This i^ due to the 
fact that the> are usually of lighter g tal than 

other parts, customary because of the urge amount 
of surfa i d and tl 'it that 

would result if marie of the sai he tank 

Jn addition thev are 
ion and corrosion than Other part- Due to the 
flow of dust and grit laden v. ■ tic- plat 

the wear is quite pronouni 

air conta The mil Dd 

«ns an w< on on the plates if there 

ifl an acid ga • in the air. In the neigfcbof 
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hood of most power stations there is a slight amount 
of sulphur dioxide present in the air. This forms 
a weak acid solution with the spray water and in 
the presence of such large volumes of air passing 
through the washer steel or iron is attacked. 

Eliminators to withstand this action are made of 
copper, aluminum and lead containing a small per- 
centage of antimony and lead coated steel. Copper 
is one of the most satisfactory non-corrosive metals 
and will usually have sufficient additional length of 
life to warrant its use. It is easy to work and has 
enough strength to support itself constructed in 
eliminators of some length. If all parts used are 
copper so that electrolytic action is not set up in the 
presence of weak acids the life of copper washers 
should be nearly twenty years. On the other hand, 
where dissimiliar metals are used, especially if gal- 
vanized iron is the other metal, quite sapid corrosion 
may be expected in the presence of weak acids and 
to the oxidization due to large air volumes. In such 
cases all galvanized iron construction will doubtless 
prove better. 

Aluminum has been used to some extent. It ap- 
pears to withstand the action of some weak acids 
but is quickly converted into a salt where alkalines 
are present and its use in the Rocky Mountains 
where there is a pronounced alkalinity of the water 
is quite certain to result in rapid destruction. The 
weak solution of carbonic acid formed by the spray 
water and carbon dioxide of the air has been suffi- 
cient to convert rapidly aluminum into aluminum 
carbonate. It is likely' that in the presence of the 
carbon dioxide and water an electrolytic action takes 
place between the aluminum and the iron impurities 
that the aluminum contains converting the metal 
into aluminum and iron carbonates. 

Lead is a satisfactory metal to withstand condi- 
tions such as are encountered in the air washers 
where large volumes of air in the presence of water 
and weak acids produce severe oxidizing conditions. 
Lead, however, is too soft and ductile for use as 
rather thin eliminator sheets and it is usually hard- 
ened by the addition of a few percent of antimony. 
But even this alloy when rolled into thin sheets does 
not have much strength or stiffness making it ad- 
visable to form the elminators in short sections, 
otherwise, they may sag out of line reducing the air 
passage in one place and increasing it in others with 
the result that elimination may not be complete. 
Care must be used in handling the eliminators dur- 
ing installation. 

Lead coated steel offers the advantages of solid 
lead as regards resistance to corrosion and at the 
same time gives the stiffness and strength of steel 
which makes it suitable. for eliminator use. Early 
lead coating gave a surface which contained minute 
holes through which acids and fumes were able to 
attack the steel sheet beneath. The process has been 
so improved that the manufacturers of lead coated 
sheets are offering sheets free from this defect Lead 
coated steel being lighter than the solid lead sheet it 
is more easily handled when made into eliminators 
and being stiffer and less ductile the liability to 
damage in shipment and erection is much reduced. 



Dry Filters (Fabric) 

Dry niters are to a large extent used in European 
stations. The niters usually take the form of 
frames covered with a fabric which has considerable 
nap. The frames may be nested in various ways 
according to the idea of the designer. Some are 
mechanically rotated and others mechanically agi- 
tated. Screens in American practice are usually 
confined to a plain screen, zig zag screens and bag 
filters. See Figs. 42 and 43. Where a plain screen 
is placed over the entrance to or in an air duct it is 




FIG. 42 — Dry Filters — Bag Type, 

almost sure to be of insufficient area, for rarely will 
a duct be made of a cross section that would result 
in the low velocity advisable for cloth filters. 

The cloth should be of a flannel type, as the 




FIG. 43— Dry Filters— Bag Type. 

cleansing is accomplished by the particles of dust 
adhering to the fibres. An open weave with a large 
percentage of the air space between fibres is neces- 
sary. Such fibres as silk are not suitable for the 
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interstices soon clog with dust particles and the re- 
sistance to the flow of air increases greatly. At the 
same time the high velocity through the partially 
clogged interstices tears loose some dust particles 
from the fibres, making the dust removal inefficient. 

As reported in the Journal A. S. H. & V. E., May, 
1921, A. E. Stacey found the resistance to the flow 
of air interposed by a silk fabric, the meshes of 
which were clogged with carbon particles, seven 
tinier as great as when clean. The flannel type of 
fabric with a long nap retains the dust but still 
leaves a large area for air to pass through so that 
the resistance when dirty was not much more than 
when clean. 

It might be expected that the resistance of a cloth 
filter is proportional to the square of the velocity 
through it. This would be the case if the opens 
between the fibres constitute a fixed orifice. Stacey 
found that the resistance varied directly with the 
velocity from to 50 feet per minute. This resuit 
may be due to the fact that at such velocities the 
flow was in stream line and not turbulent. There 
do not appear to be at hand test data to support the 
hypothesis that the resistance varies as the square of 
the velocity, but as it is known that it increases with 
the velocity the Biters should be designed to permit 
a low velocity from 50 to 75 feet per minute, if the 
resistance is to be kept low. 

[nasmuch as the space to accommodate a screen 
uch velocities would be valuable the zig zag 
arrangement of the frames is resorted to. By this 
arrangement a large amount of surface can be 
placed in comparatively small cross sectional area. 
I he frames are usually placed in guides and ar- 
ranged to he readily removed for cleaning and re- 
placement. 

Bag filters are usually made of cloth sewed into a 
cylindrical form from 10 in. to 14 in. in diam. and 
for <> ft. t*. 10 ft long. One end is closed and 
usualK finished off with a loo]) or hook to be at- 
tached to a frame. The other end is finished off 
will i a metal ring to lit a collar on a plate which 
divides the bag chamber. The hags are usually 
-paced from 14- to 18 inches on centers. The bags 



may be inverted ; that is, the open end at the bottom 
with the closed end at the top. Dust-laden air enters 
the bags from below and passes through meshes of 
the cloth, leaving behind the dust adhering to the 
cloth. With such an arrangement a large part of 
the dust can be shaken loose when the equipment is 
not in use, making the removal for cleaning less 
frequent. With the opening into the bag at the 
top the bags must be removed for cleaning. 

Viscous Surface Filters 

There has been introduced in this country the 
Viscous surface filter which has been used quite 
widely in Europe. This filter consists of a wire 
mesh or expanded metal box filled in irregular order 
with J4 m - to l /z in. -length thin brass or copper 
tubes from 34 m - to l /i in. diam. The frame or 
filter cell is immersed in a bath of viscous oil and 
allowed to drain. It is then placed in a frame in 
the air intake to a ventilating system. The air pass- 
ing through the tortuous passages around the tubes 
deposits its dust on the viscous surface of the 
tubes. To remove the dust the cell is immersed 
in a bath of hot water and soda which removes the 
viscous coating and dirt. The cells are then drained 
and dried and recharged again by dipping in the 
viscous oil. For large volumes of air the cells are 
made in units of size readily handled. 

The vendor states the resistance is 3/16 in. water 
gauge. It is certain that this must vary with the 
state of cleanliness for when considerable dirt has 
been deposited on the tubes the area through which 
the air flow is reduced; in addition, the dust sur- 
face offers a higher resistance than the smooth sur- 
face of the tubes. Consequently, it is to be expected 
that the resistance will increase with an accumula- 
tion of dust. With the covering of the viscous sur- 
face with dust the cleansing efficiency must al 
vary. Dust does not adhere to dust as readil) 
it does to an oily surf.: 

It is usual to have a few extra filter cells for ;i 
large installation so that the cells can he cleaned 
one at a time. By replacing a flirty cell with a 
clean one continued operation is possible. 



